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AN ASSESS IT OF WATER qUALITY i:tPACpi OF9 MAI.TE.A!4CE UKELX;ING O ThE
UPPER MISSISSIPPI RIVER IA 1979

AISTKACT

the St. Paul District. C.orps o Engineers, conducted water quality moni-
toring and testing in connvctton with the 1979 maintenance dredging se"son on
the Uppor :ississippi River. rw Corps inveitigated the water quality impact .
oi hydraulic and clanshell dredliing operatiowi at five selected sites on thc
Upper .tssivi pi Kiver. indicator parameters (turbidity values and susevended
solids) were nonttored at the thrue hydrAulic and two claehell dredging site..
Sclected chemical parameters were monitured at two of the hydraulic dredging
sites. The effluent quality resulting frim placement of hydraulicall> dredged
material In all bermed on-land disposal areasi used in 1979 was also tmnitorcd.
In addition, a bott m sediment survey w4a conductud of sites In portions of
the Upper Mttisssitppi and ttnnoOta Ritvers with a dredging frequency greater
than 10 ,ovrcent that were not sampled in previous years. Sedlaent samples
were analyzed for particle siLg., sttleablIlty, and bulk chemistry.

Dredgiag and disposal operations at mst of the sites Investigated did
produce minor and localized changes in water quality. Compared to ambient
river values, turbidity and suspended solids levels increased within a localized
area of the dredge and effluent pipe from the confined on-land disposal arc-as.
lenerally. the effluent from containment areas, for hydraulically dredged material
produced the greatest effects on water quality. At %ito* where observable effect.
occurred, the distances at which the Indicator parameters approached ambient
upstream control values varied with each otudy site (e.W.. 800 feet to one mile
dmstream of the effluent pipe). Tate maximum increases In turbility and 14u%-
pended solids values compared to ambient values resulted from the discharge o
effluent from a confined on-land disposal site in Po,,l 2. In this study, tur-
bidity and suspended solids values were an average of 12 percent greater within
a mile downstream of the containment area than upstream control valises. How-
ever, the data Indicated that the effect% from the effluent had disappeared with-
in one hour after the effluent stopped running.

In the two studies where selected chemical parameters were tested, no
statistically significant increases in chemical parameters were noted due to
hydraulic dredging operations. However, the effluents from the disposal area
did cause some elevations in the chemical parameters. Higher levels of heavy
metals (e.g., cadmium. lead, nickel, zinc, colvper, chromium) and total amonla
were observed within 400 feet downstream of the disposal area in Pool 2. In
this same study, PCB's and dieldrin were detected in the effluent from the dis-
-.1sai area. The other study, conducted in the lower portion of Pool 4, did not
show any statistically significant increase below the effluent pipe in the selected
chemical parameters analysed. However, in this study a decrease in specific
conductivity and transmissibility of the water were noted downstream of the
effluent pipe. In these t'0 studies, none of the chemical parameters tested
in any of the water samples exceeded their maximum permissible level at any
one time proposed by Federal Water Quality Criteria. hlovewr, some water
samples that contained PC8's and heavy metals exceeded 19'CA-proposed water
quality standards which are coiparable to the proposed 24-hour-average Federal
Water )uulity Criteria.
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The five monLtoring studies generally indicated that rapid settling and
dilution occurred near and duhnstream of dredging and disposal operations.

toitoring of effluent from on-land bermed confinement areas indicated
that eitluent quality was probably better than if udLrestrained disposal methods
hd been used. However, it is likely that effluents from containment areas will
continue to exceed applicable effluent standards for turbidity and suspended
'olld , ;iVVeI the biZe constraints of available disposal areas and the continued
s€*,.; res ent dtbposal cweth,,d .

Bvttom sedLmnct reconnaisancL: of dredge sites with a dredging fr;trncy
greater tvan 10 perent indicated titat higher levels of contaminants were closely
a'.',citted with the amount ,.4 tine sediments. Boat harbor sediments were con-
*Iderably !,iher in percentages of fine mterials than main channel sites.

o, at iarbor sedimUents accounteJ for all pesticides detected and had high levels
of LOb and chemical contaminants such as arsenic, chromium, copper, and lead.
Ato. turbidity and suspended solids levels in settleability tests corresponded
with the amount of fine materi~l in the bottom sediments.
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INTRODUCTION

IBACKGROUND

Maintenance of a 9-foot navigation channel on the Upper Mississippi River is
a Federal activity authorized by the River and Harbor Act of 1930 and other
statutes. As part of this maintenance project, the St. Paul District, Corps
of Engineers, performs annual maintenance dredging of the navigation channels
to remove accumulated sediments which prevent safe vessel passage. Disposal
of this dredged material is regulated under Section 404 of the Clean Water
Act of 1977 (Public Law 92-500 ammendments) which provides authority to the
States, as well as to the U.S. Environmental Protection Agency, to participate 1
the regulatory process. The research presented in this report is the result of an
agreement between the Minnesota Pollution Control Agency and the St. Paul District,

Corps of Engineers, to conduct water quality monitoring and testing in connec-
tion with the 1979 maintenance dredging season on the Upper Mississippi River.
This is a continuation of the monitoring work initiated in 1978 under a similar
agreement.

PREVIOUS DREDGILG STUDIES ON THE UPPER MISSISSIPPI RIVER

Aumerous studies ard available on the water quality effects of dredging upon
the Upper ILississippi, Minnesota, and St. Croix Rivers. One study conducted
by the Corps of Engineers (1973) on the Minnesota River monitored turbidity
changes resulting from a clamshell operation. In the study, turbidity tripled
100 feet downstream of the dredge. However, 0.8 mile downstream of the dredge,
surface turbidity had returned to ambient and bottom turbidity was returning
to ambient levels.

Another study conducted in 1973 monitored a hydraulic dredging operation in
Pool 8 of the Upper Mississippi River (Corps of Engineers, 1974) and reported
a significant increase in turbidity, nitrate nitrogen, and nitrite nitrogen,
resulting from a hydraulic dredging operation and subsequent dredged material
deposition. In addition, significant numbers of sediment-bound fecal coliforms
were released to the overlying water column and to downstream areas (Grimes, 1975).

However, in a study (Held, 1978) conducted in 1974 on a hydraulic dredging opera-
tion at the same site, increases in turbidity, nitrate nitrogen, nitrite nitrogen,
and other chemical parameters were not observed. In addition to monitoring water
chemistry, various biological (fisheries and benthos) and physical (particle
size distribution) variables were measured prior to, during, and after dredging.
The author concluded that the disposal activity during 1974 produced no measur-
able effects on any of these variables. However, the author did speculate about
the reasons for the negligible impacts: the small dredging job; the dredged
material that was not allowed to enter backwater areas; and the variance of
the baseline data caused by annual, seasonal, and diel fluctuations.

In a cursory study, the Minnesota Pollution Control Agency (1975a) found that
oil and mercury concentrations in the water column increased below a hydraulic
dredging operation near Richmond Island in Pool 7. Turbidity and suspended
solids levels were found to be above Minnesota State effluent standards in the

S
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disposal island runoff. PCS's were also detected in one of the samples from the
disposal island runoff, indicating a potential for resuspension of PCB's from
dredged sediments. However, the MPCA concluded that major degradation of the
Mississippi River below the hydraulic dredging operation was not evident.

Most of the major studies of the water quality impacts of dredging and disposal
upon the Upper Mississippi River have been conducted in the lower portion of
Pool 2. Because of its location (immediately downstream of the Twin Cities area),
this area contains sediments more contaminated than those found in most of the
Mississippi River (GREAT I W-WG, 1978). Thus, in reviewing the following four
studies, please note that they cannot be considered representative of tne im-
pacts on water quality for areas with less contaminated sediments.

One study conducted by the Minmesota Pollution Control Agency (1975b) in this
area monitored the effects of clamshell dredging. Increases in concentrations
below the clamshell dredging operation were noted for suspended solids, turbi-
dity, 5-day biochemical oxygen demand, zinc, and iron. Suspended solids, tur-
bidity, and zinc returned to background levels within one-quarter mile down-
stream, but dOO3 and iron concentrations had not returned to background within
I mile below the operation.

Another study also monitored a clamshell dredging operation in the lower por-
tion of Pool 2, at Boulanger Bend (GREAT I, WQWG, 1980b). In this study, water
quality impacts were greater in the disposal plume tnan in the dredge plume
and greater near the bottom than near the surface. In some plume samples, pro-
posed MPCA water quality standards were exceeded for iron, mercury, ammonia,
turbidity, dissolved oxygen, and fecal coliforms; but, in almost all cases,
ambient levels of these parameters were already in excess of standards.

Turbidity levels had returned to background within 1,000 feet downstream of the
dredge and disposal site. Relatively poor correlations between bottom and sur-
face concentrations of parameters were observed in this study, and between phy-
sical (turbidity and suspended solids) and biological-chemical parameters. In
the Boulanger Bend study, the use of color and color infrared photography as
a monitoring technique was also explored. The study showed that this technique
was effective in determining the areal extent of surface turbidity plumes, although
it could not predict water column impacts since relatively poor correla-
tions were found between bottom and surface concentrations of parameters.

Another study conducted in Lower Pool 2 (in conjunction with the GREAT I (197ba)
monitoring study at Grey Cloud Slough) monitored a hydraulic dredging operation
(Lee, 1977). A major emphasis of this study was to field test the predicta-
bility of the elutriate test on release of contaminants from sediments. In
general, metal concentrations in the disposal discharge were comparable to those
obtained from elutriate tests. However, nitrogen and phosphorus compounds gener-
ally were not comparable. In the field study, increased concentrations in the
disposal plume were noted for soluble iron, manganese, nickel, and zinc. In
addition, aldrin, pp'DDE, op'DDE, and PCB's were detected in water samples taken
directly from the discharge point. This study also showed that turbidity had
returned to background levels within several hundred meters of the disposal.

2
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For the same study, acute toxicity (96-hour) bloassays were conducted on Daphnia
magna, using elutriate and dredge discharge waters. In both the elutriate and
dredge discharge waters, contaminants were found not to be released in quantities
sufficient to be adverse to Daphnia magna.

The GREAT I WQWG conducted a study on hydraulic dredging and disposal (beach)
nourishment) near Grey Cloud Island in Pool 2 (GREAT 1 1978a). During this
study, turbidity and suspended solids returned to background levels within 1
mile downstream of the disposal island. Chemical and microbiological parameters
closely correlated with turbidity and suspended solids, and generally returned
to background levels within a short distance from the disposal runoff. Most
parameters increased in concentration from above to below the dredging and dis-
posal operations, but ambient fluctuations in the river water were, in many cases,
greater than fluctuations caused by dredging and disposal. Proposed Minnesota
Pollution Control Agency water quality standards for arsenic, chromium, lead,
mercury, manganese, PCB's, and suspended solids were exceeded only in a limited
area immediately downstream of tne disposal runoff.

Cursory examinations of methods for minimizing disposal impacts from hydraulic
dredging operations were performed by Claflin (1976). The use of polymer injec-
tion and silt screen were found to nave only limited success in a riverine application.

A study conducted in 1977 (Marking and Bills, 1977) was aimed at assessing the
acute effects of burial upon three species of freshwater mussels by dredged
sediments. Two of the species studied required burial by 7 inches or more of
sand or silt to prevent the emergence of 50 percent of the test populations.
For the other species, pig-toe (Fusconaia flava), 4 inches of silt prevented
the emergence of 50 percent of the test population. It should be noted, how-
ever, that the study only assessed the acute effects of single dredged material
overlays on clams, not the effects of rates of deposit, adaption to new sub-
strates, migration to new substrates, or long-term effects on the survival of
clam populations.

In 1978, the St. Paul District, Corps of Engineers, monitored five dredging

operations at various locations on the Upper Mississippi River, including
three nydraulic dredging operations and two mechanical (clamshell) dredging

operations (Anderson et al., 1979). Four of the studies (two for mechanical and
two for hydraulic dredging) monitored only the indicator parameters (turbidity
and suspended solids). The other study monitored the physical, chemical, and
microbiological changes in water quality resulting from a hydraulic dredging
operation. In these studies, disposal of the dredged material occurred on land.
For the mechanical (clamshell) dredging, on-land disposal involved direct un-
loading from barges and therefore only the clamshell (dredging activity) was
monitored. for the hydraulic dredging operation, the dredged material was
disposed into a confined on-land disposal area with a drop structure and
culverts to allow the effluent to return to the river after a short retention
time. Therefore, both the hydraulic cutterhead and the effluent from the con-
fined on-land disposal area were monitored. All five of the studies were
conducted in areas with relatively coarse sediments (less than 10 percent silts
and clays).

3



In the four turbidity and suspended solids monitoring studies, no changes or
only minor changes in water quality were found to result from either the
hydraulic or clamshell dredging activity. The study that monitored the efflu-
ents from a confined on-land disposal area indicated slight elevations in tur-
bidity and suspended solids but noted that these levels nad returned to ambient
within 1,000 feet downstream of the disposal area.

In the study which also monitored chemical and microbiological parameters, no
significant increases below the hydraulic cutterhead were evidenced for any ot
the physical, chemical, or microbiological parameters investigated. The efflu-
ent from the confined on-land disposal area contained concentrations of some
parameters (especially iron, manganese, and the physical parameters) that exceeded
the pre-dredging and upstream control values. However, only iron and manganese
were found to be significantly nigher downstream of the disposal pipe than in up-
stream control values. Daily fluctuations in concentrations for most of the para-
meters were fairly substantial and tended o mask any impacts caused by dredging.

The authors concluded that with the methods used for disposal of the
dredged material at the five sites studied, no major degradation of water quality
was evidenced for either the mechanical (clamshell) or hydraulic dredging opera-
tions.

In 1978, a bottom sediment reconnaissance was conducted by the Corps of Engineers
for many historical dredging sites on the Upper Mississippi River. In the study,
sediment samples were analyzed for bulk chemistry, particle size distribution,
and settleability. The study indicated that the location on the river and the
amount of fine materials (silts and clays) strongly influenced contaminant levels
within the main channel of the river. Frequency of dredging at a site was not a
major factor in determining the degree of contamination. Sites in and immedia-
tely downstream of the Twin Cities metropolitan area contained the most contami-
nated sediments. fligi levels of contaminants were closely associated with the
finer sediments. Most of the sediments samples in this study were coarse, with
85 percent of the sites having less than 10 percent silts and clays and most having
less than 4 percent.

The bioaccumulation potential of PCB's and selected heavy metals and the acute
toxicity of sediments from three test sites and one reference site on the Upper
Mississippi River were investigated in 1979 (Peddicord et al., 1979). In this
study, water fleas (Daphnia), catfish, and bluegills were exposed to suspensions
of fine-grained sediment from three test sites and one reference site for 4 to 6
days, approximately the duration of a typical dredging and disposal operation on
the Upper Mississippi River. Survival and tissue concentrations of contaminants
in fish were determined after exposure. Fawnfoot and three-ridge clams, mayfly
larvae, and amphipods were exposed to deposited sediments for up to 14 days, after
which survival and contaminant concentrations in tissues of clams were determined.
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All three test sediments were of low toxicity to all species except the amphi-
pods, in that no sediment produced statistically greater mortality than occurred
in the controls and reference sediment. Although statistical comparisons were
not made, amphipod mortality in some UMR sediments apparently exceeded that in

tne controls, but probably not that in the reference sediment. Bioaccumulation
was the exception, rather than the rule, with 72 species-sediment-contaminant

combinations being studied and bioaccumulation potential being indicated in eight

(11 percent) of the cases. Even in these cases, resulting concentrations were
below those considered likely to cause adverse impacts. The study, althou.h
not definitive, provided little reason to suspect serious toxicity or bioaccumula-
tion from the sediments investigated.

OdJECTIVE OF THE 1979 HiONITORIG PLA.N

The overall objective of the 1979 monitoring plan was to expand the information
available on the water quality impacts of dredging and disposal operations on
the Upper Mississippi River. The data collected in 1978 and 1979 will be used
for short-range river management and will provide additional information for the
development of long-range planning and establishment of applicable dredging
standards.

In 1979, five dredging and disposal operations were monitored to assess the impacts
on water quality. Three of the studies monitored hydraulic dredging operations
and effluents from confined on-land disposal areas. The other two studies moni-
tored clamshell dredging operations. Turbidity and suspended solids, shown by
a previous study to be useful indicators of physical, chemical, and microbiological
impacts (GREAT I WQWG, 1978) were monitored in ill five dredging operations. In
addition, selected chemical parameters were monitored for two of the hydraulic
dredging and disposal operations. The effluents generated from all confined on-land

disposal areas used in 1979 were monitored to assess the potential impacts on
water quality.

In addition to monitoring water quality impacts of dredging and disposal opera-

tions, sediment studies were conducted in 1979 to assess potential impacts of

maintenance dredging on the Upper Mississippi River. The major objective of the
1979 monitoring was to gain site-specific information on dredging sites having a
dredging frequency greater tnan 10 percent and for which little or no sediment
information exists. For this survey, sediment samples were analyzed for bulk
chemical constituents, particle size, and settleability.

The last portion of the 1979 monitoring program initiated the use of sediment bio-
assays to assess the acute toxic effect of ten sediment types from the Upper
Mississippi, St. Croix, and Minnesota Rivers on a variety of e-demic species.
This portion was completed in 1980.
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OVERALL SUMMARY

The water quality impacts of dredging and disposal operations were in-
vestigated by the St. Paul District, Corps of Engineers, at five selected
sites on the Upper Mississippi River. Three of the five studies monitored
hydraulic dredging operations and effluents from confined on-land disposal
areas. The other two studies monitored clamshell dredging operations.

Indicator parameters (turbidity and suspended solids) were monitored in
all five dredging operations. In addition, selected chemical parameters were
monitored for two of the hydraulic dredging aAtd disposal operations. The
effluents from all confined on-land disposal areas used in 1979 were monitored
and evaluated for (I) potential water quality impacts and (2) the efficacy of
pond areas in reducing the water quality impacts of the disposal of hydraulically
dredged material. Finally, a bottom sediment study of dredge sites with a dredg-
ing frequency greater than 10 percent and not sampled in previous years was
conducted for the navigational portions of the Upper Mississippi and Minnesota
Rivers. The sediment samples were analyzed for bulk chemistry, particle size,
and settleability.

The water quality effects of hydraulic dredging and of the effluents
from the confined on-land disposal areas were monitored at three sites: the
St. Paul Barge Terminal Dredge Site (Cairo mile 837), the Teepeota Dredge Site
(Cairo mile 757.5), and the Below West Newton Dredge Site (Cairo mile 746.6).
Observed changes in water quality at all three sites resulted mainly from the
effluents from the disposal area. Only at one site, Below West Newton, were
there any observable changes in the indicator parameters (turbidity and suspended
solids) as a result of the hydraulic dredge. However, at all three sites there
appeared to be at least some changes in the indicator parameters as a result of
the effluent from the disposal areas. At the three sites, turbidity and sus-
pended solids levels were higher in the effluent than in their respective ambient
upstream control levels. Increased levels of turbidity downstream of the dis-
posal areas compared to upstream control values were statistically significant
at the Below West dewton and St. Paul Barge sites, but not at the Teepeota Point
site. Increased levels of suspended solids downstream of the disposal area com-
pared to upstream control levels were statistically significant at the St. Paul
Barge site only.

At each of the three hydraulic dredge sites, the water quality effects due to
effluent from the on-land disposal areas were relatively minor. The distance
at which increased turbidity and suspended solids levels approached ambient
control values varied with each study site. Turbidity values in excess of up-
stream controls occurred within 800', 1600' and one mile downstream of the
effluent pipe at the Below West .Aewton, Teepeota, and St. Paul Barge sites,
respectively. Suspended solids values were higher than control values 800 feet
downstream of the effluent disposal pipe at the Teepeota and St. Paul Barge
sites. Suspended solids values downstream of the pipe were not elevated compared
to ambient values at the Below West Newton dredge site. Ambient values at
the Below West Newton site were high (10 times greater than ambient values
recorded within 10 miles of the site eight days earlier), and may have masked
the effects of dredging and disposal operations at this site.

6



Of the three studies conducted, the St. Paul Barge Terminal disposal opera-
tion produced the greatest changes in the indicator parameters (turbidity and
suspended solids). Within the one-mile study area below the disposal area at
the St. Paul Barge Terminal, a 12-percent average increase in turbidity and
suspended solids over upstream control occurred. However, it was noted that
the effects from the disposal area had disappeared within one hour after the
effluent stopped running from the pipe.

En addition to monitoring changes in turbidity and suspended solids levels,
selected chemical and other physical parameters were monitored at two of the
hydraulically dredged sites. No statistically significant increases in chemical
parameters due to dredging operations were noted in either study. However, ef-
fluent from on-land disposal areas did cause localized changes in water quality
at the two study sites. At the St. Paul Barge Terminal site, cadmium, lead,
zinc, and total amonia concentrations were two to six times greater in the ef-
fluent than in upstream controls. Chromium levels in the effluent were only
slightly higher than upstream controls. Increased concentrations of these
parameters were noted within 400 feet downstream of the effluent pipe. However,
the concentrations of these parameters had returned to near-ambient levels 400
feet downstream of the effluent pipe, and were at ambient levels within 2,700
feet of the disposal area.

Polychlorinated biphenyls (PCB's) and selected biocides were also monitored
at the St. Paul Barge Terminal. PCB's and " -rin were the only parameters
that had detectable levels in any of the %& .- collected. PCB's were detected
in two samples, one taken directly from 'ht '-uent pipe and another sample
taken 100 feet downstream of the efflu.-. .drin was only detected in the
effluent from the disposal area.

At the Teepeota Point dredge E-Le, t,. effluent had no apparent effect on
pfl or levels of cad-iium, chromium, nickel or zinc in the Mississippi River
water. However, copper, lead, total wAonia, and temperature, although not
statistically significant, appearod tj nave increased slightly immediately
downstream of the disposal area.

At the Teepeota site, a significant positive regression of specific
conductance with distance downstream of the effluent pipe was noted. Decreased
specific conductance levels gradually returned to ambient levels within 3,200
feet downstream of the disposal area.

Results from an in situ recording transmissometer indicated the hydraulic
dredge had little effect on the transmission of light in the river water. 11ow-
ever, light transmission was decreased within 800 feet downstream of the effluent
pipe. It was also noted that hydraulic factors may greatly influence the return
to background levels and the configuration of the plume.

In situ toxicity exposure tests on fathead minnows (Pimephales sp.)
conducted at the Teepeota site were unsuccessful due to mortality in up-
stream controls. Mortality was probably due to stress from high current
velocities.

7
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At both the St. Paul Barge Terminal and Teepeota Point, none of the
chemical parameters exceeded the proposed Federal Water Quality Criteria
for maximum permissible levels. However, some water samples that contained
PCA's, biocides, and heavy metals exceeded MPCA proposed water quality stand-

ards, which are comparable to tne proposed 24-hour-average Federal Water
Quality Criteria. Most samples which had levels for a given parameter exceeding
tneir respective proposed 24-hour-average criteria were from the effluent and
within 200 feet of the disposal area. Te data indicate that rapid settling
and dilution occurred near and within a localized area downstream of dredging
and disposal operations.

The water qtiality e! fect, ox clamshell dredging it the twt sites studied
in 1979, Above lwke Street (Cairo mile 830.3) and Island 58 (Cairo mile 734.3),
were similar to those observed in the hydraulic dredging studies. At the' AMove
Lake Street site, turbidity and suspended solids levels were elevated compared
to control values an average of 0.5 NTU and 10 mg/l, respectively. Htowever,
values 800 feet downstream ot the dredge were comparable to ambient upstream,
controls. No significant increases in turbidity or suspended solids due to
clamshell dredging occurred at th.. Island 58 site. It is iailikely that any
major degradation of water quality ocourred at either site.

in addition to monitoring the water quality impacts of dredging and dis-
posal operations, the etfluent quality from seven bermed, on-land confiniement
areas was compared. The levels of turbidity, suspended solids, specific con-
ductance, and pd were monitored in water samples collected from the elfluent
pipe at eaci of tue seven hydraulically dredged sites in 1979.

Effluents from Read's Landing (Cairo mile 762.6), Fisher Island (Cairo
mile 745.7), Mule Bend (Cairo mile 749.1), and Teepeota Point (Cairo mile 757.6)
disposal areas were similar in quality. Mean suspended so!ids and turbidity
values in the effluents from these four sites ranged from bO to 64 g/l and
28 to 32 :UT1, respectively. The effluents from the Below West .Nwton (Cairo
mile 746.6) and St. Paul darge Terminal (Cairo mile 837) sites were of lwer
quality than the other sites. Tihe Below West Newton site had mean turbidity
and suspended solids values in the effluent of 633 NTU and 1,271 g/l, respec-

tively. To dredge cuts were dredged at the St. Paul darge Terminal in 1979.
Effluents generated when the first dredge cut was dredged had mean turbidity
and suspended solids values of 109 NTV and 316 mg/l, respectively. Effluents
generated when the second dredge cut was dredged had mean turbidity and sus-

pended solids values of 1,J27 '*[U and 33,456 mg/l, respectively. Turbidity
and suspended solids exceeded Minnesota State effluent standards in all samples
collected (25 STU and 30 mg/i, respectively).

Specific conductance mean values ranged from 334 at Read's Landing to
811 from the second dredge cut at the St. Paul Barge Terminal. Data on
specific conductivity was not obtained at two of the dredge sites (Crats
Island and Below West .ewton). Values for pit in all effluent samples collected
from the various disposal areas were within the range of applicable Minnesota
State effluent standards.

Results indicated that hermed containment areas probably improved effluent
quality compared to the use of unrestrained disposal alternatives. However,
it is likely that effluents from containment area-s will continue to exceed
applicable effluent standards for turbidity and suspended solids, given the
size constraints of available disposal areas and the continued use of present
disposal methods.
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The 1979 bottom sediment reconnaissance for portions of the Upper His-
sissippL and Minnesota Rivers indicated that contaminant levels were associated
with the amount of fine materials in the bottom sediment. Particle size analy-
sis indicated that sediment samples from the main channel areas were composed
of coarse material. Boat aarbor sediments were considerably higher in percentages
of fine material.

Boat harbor sediments accounted for all pesticides detected and had high
levels of several chemical contaminants. Higher levels of PCB's (13 to 82 ug/kg)
were detected in boat harbor sedimunts than in main channel sediments, which
did not exceed 3 ug/kg.

Concentrations of arsenic (6 ug/g), chromium 910 ug/g), copper (30 ug/g),
and lead 010 ug/g) were found more comonly in boat harbors than in main channel
sites. Barium, iron, manganese, nickel, and zinc concentrations were found in
all samples. However, these are naturally occurring metals and are abundant
in the environment.

iHigh COD levels 020,000 mg/l) were also associated with high concentrations
of fine materials. Sites which did not have high percentages of fine material
had less than 10,000 mg/kg; the majority were below 4,000 mg/kg COD.

Also, initial high turbidity and suspended solids levels in the settle-
ability tests corresponded with the amount of fine materials in bottom sedi-
ments. Turbidity levels greater than 1,200 FlU and suspended solids levels
greater than 40,000 mg/I were found in sediments with 9 percent and 25 percent
fine material.

9
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ST. PAUL BARGE TERMtNAL (CAIRO MILE 837)
NdITORII; OF C/A,'IGES IN PHYSICAL AND CdEMICAL

PARAMETERS RESULTING FROM HYDRAULIC DREDGING A.D
EFFLUENT FROM CONFINED ON-LAND DISPOSAL

OBJ CTIVE

The objective of the study was to determine the areal extent of turbidity
and suspended solids changes and to monitor the levels of several chemical para-
meters resulting from a WILLIAM A. THOMPSON hydraulic dredging operation and the
effluent from confined on-land disposal oi the dredged material.

METHODS

DESCRIPTION OF SAMPLING SITES

The St. Paul Barge Terminal dredge cut area is located between Cairo mile
837.1 and 837.6. The area is adjacent to the Downtown St. Paul Airport and is
located on the inside of a bend. Shoaling occurs in this area because of th.
bend, requiring maintenance dredging at an annual frequency of 52 percent.
The average volume dredged per Job is 139,800 cubic yards.

During 1979, two cuts were dredged to a depth of 13 feet below 1o@-eeutrsl
pool with the 20-inch hydraulic dredge WILLIAM A. TdOIPSON, removing 159,000
cubic yards of accumulated sediment. Disposal of the material occurred in a
bermed disposal area located on the right descending bank at Cairo mile 838.0.
Tne area had an inside capacity of 6.8 acres. A drop structure allowed for
the return of effluent after a short retention time. Beneficial use was desie-
nated for this site: the material was to be uised by the St. Paul Port Authoritv
as fill material. Dredging was conducted at this site from i2 July 1979 to
6 August 1979.

EXPERI4ENTAL DESIGN

Sediment. Prior to dredging operations on 25 July 1979, four sediment sam-
ples were collected with a Ponar bottom sampler from the area to be dredged.
Serco, Inc., of Roseville, MLnnesota, did the sediment collection and performed
particle size and settleability analyses on these samples.

Water. Prior to dredging, 10 background water samples were collected from
tne proposed dredge area, to be analyzed for turbidity and suspended solids.
Samples were collected on 3 July, 5 July, 6 July, 10 July, and 16 July 1979. In
addition, 10 post-dredging water samples were collected on 13 August, 7 days after
dredging was completed at this site, and analyzed for turbidity and suspended
solids.

The water quality monitoring of the dredging operation at the St. Paul
Barge Terminal was done In two phases. Phase 1 (26 July 1979) assessed the
general magnitude of water quality changes (as defined by turbidity and sus-
pended solids levels) within a 1-mile reach of the river downstream of the out-
fall from the confined on-land disposal area. In phase I (see Figure 1) 46 water
samples were collected in two runs to be analyzed for turbidity and effluent solids.
In run 1, samples were taken at upstream control sites; the effluent pipe; at 100,
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1,600 and 2,700 teet below the efluo-at pipe; at sites near the dredge
cutrterhead (4,2n¢ feet downstream of Ltilu-iit pip,.); and at sites 1,o00
and 2,800 fect (5,?2f) and 7,000n f.t-t be-low the l.ffluent pipe, resp,.Ctively)
below the dredge. In run 2, water samples wre oolleted only at the last
tour sires listed abov-. Run 2 occurred 1 hour after th. .ffluent pipe
from the confined on-land disposil area had stopped running, and was aimed
at a e.ning tht etects ott water quality du, only to the hydraulic c-utter-
head.

In phase It ot the wat.r qua lIty monitorini-, (25 Ju!v lQ79), 24 water
,|mples were. colie t.d to be analyzt.d for total anmonia, cadmium, chromium,
copp.r, lead, nt-kel , zi c, tairbidity , ;itp%-tidvd sol ids., pe.sti,'tdt., and PCB's.
Smp. *swer- taken from ,o!itro! ,.ite.s; th,. oft I uent pipe; a:d site-. 100, 200,
')o, Finn, -.00, 2,7n00, .eid t 0ti ( N-vt helow th, eltfluent. pip( (e.s Fitvure 2).

All sites t.x,'pt the 7,M00-toot sites wert. upstrean Of the drtdp,et.

All water sample.i ,-re dis, rvte samplus, ,ol!.,tt-d 3 fe.t from the
hot tom. Sampl,. wr,* -ol lected t-at the bottnm, be,'aus previous studies
indi,'ated that the great e.t impacts on v.iu .r quality tisualily o,'cur in the
lower portion of thit water column (Anderton et al., 1 97Q; GRFAT I W ;WG,
1976; GREAT I I)WG, 1979). Elth-r a PVC or nikel-plated Van Johrn type
Water sampler was us ed. depending upon tht. parar.ter beiny, tested for each
.samp tv.

Pre-dredging background samples we.re analyzed by US;S. Sero, Inr., of
Roseville, 'Unnesota, ,-nndu,-t#,d all turbidity and suspended solids determinations
for phase 1. phase It, and post-dredpinp. All chemical parameters of phase I
were determined by USGS.

Analytical 4ethods. Samples were chills-d after ,ollection ind shipped as
soon as possible for laboratory analysis. Collection and analysis of turbi-
dity .nd suspetndd solid% samples followed guidelines set forth in the V'.S.
Environmental Protection Agency's "ethods for Chemical Analysis of Water and
Wates," July 1974. Particle size analysis of sediment samples was accomplished
by use of %tandard mesh screens and a hydrometer for the finer particles. Settle-
ability was -onducted according to Anderson et al., lQ74. Chemical analyses
of water samples done by the U.S. Ceologi-al Survey l.aboratory in Atlanta,
Georgia, wvre condia-ted according to Skougstad et al., 1979, and cGoerlitz and
Brown, 1972.

12
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R ESULTS

FIELD CONDITIONS

Weather conditions during the sampling on 25 and 26 July 1979 were sunny
to partly cloudy and hot, with a high temperature near 900 F. Barge traffic
was almost continuous during both days of sampling.

River-stage readings from Lock and Dam lo. 2 near Hastings, Minnesota,
were relatively high for this time of year (86.70). Velocity measurements
taken on 25 July 1979 indicated that water was moving slightly faster near
the surface than near the bottom. A mean velocity of 1.4 feet/second occurred
3 feet from the surface, compared with a mean velocity of 1.0 feet/second 3
feet from the bottom.

SEDIMENTS

Particle Size. The dredged sediments ranged from fine- to medium-grained

sand to silty sand (Appendix Table Al). The percentage of silts and clays ranged
from 2 to 6 percent in the four sediment samples. The amount of silts and clays
from the dredge cut being dredged fell between the values for the coarsest and
finest sediments in the area of the historical dredge cut at the St. Paul Barge
Terminal which was sampled in 1978 (Anderson et a]., 1979).

Settleability. The settleability tests indicated a fairly large turbidity
and suspended solids generation potential for the sediments. Initial concen-
trations after agitation for suspended solids were 3,790 and 10,230 mg/I in the
two sediment samples tested (Appendix Table A3). Initial turbidity values were
300 and 400 NTU for the two sediment samples (Appendix A2). At the end of 8

hours, suspended solids had a mean concentration of 22 mg/l. Turbidity was
still elevated at the end of 8 hours, with a mean value of 62.5 NTU. Turbidity
showed a less steep drop in values than did suspended solids. In a 1978
sediment monitoring study of the Upper Mississippi River, 85 percent of the
sediment samples had lower initial values than did the samples from the St. Paul

Barge Terminal (Anderson et al., 1979). However, like the particle size, the
values recorded in the study fell between the values recorded for the finest and
coarsest sediments within the entire historical dredge cut that was sampled in
1978 (Anderson et al., 1979).

Bulk Chemistry. Although the bottom sediments were not analyzed for bulk
chemical constituents in this study, a previous study indicated that bottom
sediments in this area range from moderately contaminated to heavily contaminated
when compared with other areas on the Upper Mississippi River (Anderson et al.,

1979).

WATER QUALITY

Background. A comparison of pre- and post-dredging and upstream control
samples for the 2 days of sampling indicates that substantially higher concen-
trations of turbidity and suspended solids occurred on the 2 days the dredging
operation was monitored than in predredging samples (Appendix Tables A4-A6).
Post-dredging samples were also higher than pre-dredging buc slightly lower

than on the 2 days of dredging (Appendix Table AS). This would indicate that
fluctuations in turbidity and suspended solids within this reach are fairly

substantial. Owing to the long time lapse between collection of pre-dredging

and post-dredging samples (almost 11S months), this phenomenon is probably
attributable to seasonal fluctuations in the suspended material transport along

this stretch of the river.
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Phase I. The purpose of phase I was to assess the general magnitude of
changes in water quality (turbidity and suspended solids) within a 1-mile reach
of the river below the effluent pipe, resulting from both the use of the hydrau-
lic cutterhead and the effluents from the confined on-land disposal area. In
phase I, turbidity and suspended solids values in all river water samples ranged
from 28 to 93 ATU and 64 to 568 mg/l, respectively (Appendix Table A6). Tur-
bidity and suspended solids data from this phase correlated very well, having a
correlation coefficient of 0.92.

Both turbidity and suspended solids in run I showed significant increases
(t-test) below the effluent pipe compared to upstream controls. The mean turbidity
of the upstream control samples was 50.7 NTU compared to a mean of 56.7 NTU
below the effluent pipe (Table 1). The mean suspended solids concentration in

upstream control samples was 170.5 mg/l compared to a mean concentration of 214
mg/l downstream of the effluent pipe. Approximately a 12-percent increase in
turbidity and suspended solids occurred below the effluent pipe in run 1.

Table i. Mean Concentrations of Turbidity and Suspended Solids in Controls, Run
1 Downstream of Effluent Pipe, aaid Run 2 Downstream of the Cutterhead.

Turbidity (NTU) Suspended Solids mg/l
(mean (standard error)) (mean (standard error))

Controls 50.7 (16.99) 170.5 (92)
Run 1 56.7*(17.6) 214*(112)
Run 2 49.5 ( 8.2) 158 (38.5)
*Significantly different r, -. 05

The large standard sampling error, especially for suspended solids, indi-
cates substantial fluctuations in values, both in ambient water and downstream
of the effluent pipe water. Part of this may be due to the high barge traffic
in this area.

Run 2 in this phase was made approximately 1 hour after the effluent pipe
stopped running, and focused on assessing the effects of the hydraulic cutter-
head (Appendix Table A6). In run 2, the mean values for turbidity and suspended
solids were 49.5 NTU and 158 mg/l, respectively (Table 1). These values were

generally comparable to the mean upstream control values from run 1, indicating
that the hydraulic cutterhead had very little, if any, effect on turbidity and
suspended solids. This contention is supported by the lack of any observable
increases in values for the transect (Location 15) imediately downstream of the
dredge compared to tne values for the transect (Location 14) immediately upstream
of the dredge (Figure 1, Appendix Table A6). The run 2 data also suggest that
the effects from the effluent pipe disappeared within 1 hour after the effluent
pipe stopped running.
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No obvious relationship to distance below the effluent pipe was evidenced
in this phase. The coefficient of determinati ns, which examines the variance
in values caused by distances, was very low (r - .05 for turbidity and r2 = .01

for suspended solids). These results may have been caused by the fact that only
one elevated value out of four was found at Location 12 (100 feet from the efflueat
pipe) and the plume may have been missed by some of the sampling sites on the
100-foot transect (Appendix Table A6). lIt addition, the large fluctuations
tended to mask any trends with distance.

Phase It. The effluent quality between the two phases of sampling varied
considerably. The samples collected from the effluent for phase II on 25 July
1930 had mean turbidity and suspended solids values of 200 NTU's and 867 mg/l,
raspectively (Appendix Table A7). Samples collected for phase I on 26 July 1980
,ad a mean turbidity value of 20,000 ATU's and a mean suspended solids concen-
tration of 210,000 mg/l (Appendix Table A6). This makes a comparison of water
quality effects between the two days of sampling extremely difficult. However,

it is interesting to note that the turbidity and suspended solids values of samples
collected within 100 feet of the effluent pipe in phase It were not substantially
different from those in phase I (Appendix Tables A6 and A7). In phase II biocides
and polychlorinated biphenyls were below their respective detection limits in
almost all samples collected. PCB's were detected near the limits of sensitivity
at 0.1 ug/l in two samples (Appendix Table A7). One of the samples was from the
effluent pipe, the other from 100 feet downstream of the effluent pipe. The re-
maining samples from phase I were reported a 0.0 ug/l (maximum sensitivity of
0.05 ug/l). The biocides that were analyzed included: aldrin, chlordane, DDD,
DDE, DDT, dieldrin, endosulfan, endrin, heptachlor epoxide, heptachlor, lindane,
mirex, polychlorinated naphthalenes (PCN), perthane, and toxaphene. Of these only
dieldrin was detected in aaly of tle water samples, i.e., one sample at 0.01 ug/l
collected from the effluent pipe.

A comparison of effluent pipe samples with upstream control samples indi-
cates that copper, lead, nickel, ammonia nitrogen, zinc, turbidity, and sus-
pended solids concentrations were from 2 to 6 times greater in the effluent
pipe than in upstream control samples (Appendix Table A7). Chromium showed
less reaction, being only slightly elevated over control values in the effluent.
Because of the large number of samples reported as having zero concentrations,
the cadmium data is difficult to interpret and therefore was not included in
any of the statistical analyses. However, cadmium showed no elevation in the
water column caused by the effluent pipe.

Means for all of the parameters were calculated for each of the distances
from the effluent pipe. Samples 3E and 4E from Appendix Table A7 were not used
in the calculation of means because these samples, although collected within 100
feet of the shore, had apparently missed the plume. Correlation analysis was
then run on these mean values (Table 2). Copper, lead, nickel, ammonia nitrogen,
zinc, turbidity, and suspended solids correlated positively with each other.
Chromium did not correlate well with the other parameters, except with zinc. The
fact that chromium did not show the elevation over controls in tile effluent pipe
that the other parameters did may partially explain the poor correlations to
the other parameters that were observed.
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Table 2. Correlation Matrix of the Chemical and Physical Parameters From Phase
II of the St. Paul Barge Terminal Study,

Cnromium 1.000

Copper .5229 1.000
Lead .6467 .9564 1.000
Nickel .4840 .9035 .9365 1.000

NH4 as N .4475 .9929 .9456 .9218 1.000

Zinc .7122 .9392 .9395 .8146 .9138

Turbidity .4867 .9851 .9561 .9226 .9868 :9019 1.000

Suspended .4744 .9907 .9485 .9125 .9908 .9175 .9984 1.000

Solids Suspended

Chromium Copper Lead Nickel NH4 as N Zinc Turbidity Solids

Since all the parameters except chromium (which did not show much elevation)

correlated will with each other, only a plot of the log of mean lead concentra-

tions versus distance was illustrated to show the trend with distance exhibited

by all the parauteters (Figure 3).

Figure 3 indicates that relatively high concentrations occurred within

200 feet of the effluent pipe. However, by 400 feet a rapid drop in concen-

tration had occurred and with increasing distance downstream of the effluent

pipe, a leveling-off or slight decline occurred. By 2,700 feet, most of the

parameters had returned to ambient levels; some returned sooner. Comparison

of the mean values for the controls with mean values 7,000 feet below the

effluent pipe, for each of the parameters, shows them to be basically the same

(Table 3). This indicates that the impacts on water quality were very localized.

Table 3. General Comparison of Mean Concentrations of the Control Transect to

7,000 Feet Below the Effluent Pipe Transect for the Various Parameters

Analyzed.

Parameter*

NH3& NH4 Suspended

Chromium Copper Lead Nickel (mg/i) Zinc Turbidity(NTU2 Solids (mg/l)

Control Tran- 13 6 8 8 .03 30 50 165

sect
7,000-foot 13 5 7 11 .06 28 52 161

Transect

*All values in ug/l unless otherwise indicated.
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FIGURE 3

Comparison of the Logarithm of Mean Lead Concentrations

Versus Distance Downstream of the Effluent Pipe

at the St. Paul Barge Terminal Dredge Site
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Comparison With Water Quality Criteria and Standards. In the proposed update
of the Redbook, the Environmental Protection Agency has developed sets of two
numerical criteria for each of the parameters on the toxic substance list. These
two criteria are a maximum permissible level at any one time and a 24-hour aver-
age level. None of the chemical parameters exceeded the proposed Federal water
quality criteria for the maximum permissible levels at any one time (Table 4).
However, where sufficient sensitivity in the analyses was achieved for comparison
with the criteria, PC 's, dieldrin, zinc, cadmium, and copper were the only para-
meters found to exceed their respective 24-hour average criteria level. It should be
noted that since the monitoring did not occur over a 24-hour period, a 24-hour
average concentration cannot be calculated, making tnis comparison somewhat
tenuous. It is only an indication of a potential area of concern.

PCB's, dieldrin, and zinc values exceeding the 24-hour average criteria l
were found only in samples from the effluent pipe and within 200 feet of the
effluent pipe. Copper values exceeded the 24-hour average criteria level in 66
cent of both the upstream control samples and the samples taken downstream of
the effluent pipe. The effluents from the disposal area caused elevations in
the copper levels but, by 400 feet downstream of the effluent pipe, copper had
returned to levels similar to upstream control levels. Cadmium concentrations
exceeded the 24-hour average criteria in 17 percent of the control samples and
20 percent of the samples downstream of the effluent pipe.

Table 4. Applicable Water Quality Criteria and Standards for the Parameters
Tested at the St. Paul Barge Terminal.

Proposed Proposed MN

Update of WQ Standards 2

Parameter_ Redbook Criteria- (June 1978)_

Cadmium 1.2 / 18.23 0.33
Chromium (Total) 50
Copper 4.3 / 36.2 5.8
Lead 95 / 687.5 80
Nickel 72 / 776 45
Ammonia Nitrogen 0.02 mg/l unionized 0.02 mg/l unionized
Zinc 65.7/336.3 42
Turbidity 25 NTT!
Aldrin/Dieldrin 0.0019/1.2 0.003
Chlordane 0.024/0.36 0.03
DOT 0.00023/0.41 0.001
Endosulfan 0.042/0.49 0.05
Endrin 0.002/0.10 0.0025
deptachlor 0.0015/0.45 0.008
PCB 0.0015/6.2 0.001
PCN 29 / 67 -
Toxaphene 0.007/0.47 5
Lindane 0.003
Mirex 0.001

IAll values in ug/l unless otherwise indicated.
2 A hardness of 190 was used in the calculation of criteria where applicable.
This figure of 190 was derived from MPCA water quality monitoring station
approximately 1 mile upstream of study area during the same time of year.

3 Number to the left of slash is for 24-hour average criteria and number to the
right is maximum permissible level at any one time.
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Temperature and pH strongly influence the percentage of total ammonia
nitrogen that is in the unionized form. Since temperature and pH were not
measured in this study, it is difficult to compare the results of this study
with the criteria of 0.02 ug/l unionized ammonia. However, given the range
of pH and temperature normally found here at this time of year, it is possi-
ble that the elevated total ammonia nitrogen concentrations caused by the
effluent from the confined on-land disposal area may have produced unionized
ammonia nitrogen concentrations greater than the 0.02 ug/1 water quality cri-
teria. However, samples that may have had concentrations greater than 0.02
ug/1 unionized ammonia were found only within 400 feet of the effluent pipe.

The Minnesota Pollution Control Agency's (MPCA) proposed water quality
standards numerically are either slightly greater or less than the proposed
Federal 24-hour average criteria. For the most part, the comparison to
Federal 24-hour average criteria above holds true for a comparison of the
results to the Minnesota proposed water quality standards, with the exceptior
that the MPCA has developed standards for turbidity (25 NTU). All samples
collected in the study, including pre-dredging and upstream control samples,
exceeded the turbidity standard. However, the effluents from the disposal
areas did cause further elevations in turbidity.

SUMMARY

Dredging to maintain the navigation channel at the St. Paul Barge Terminal
dredge site, which is located in Pool 2 of the Upper Mississippi River, was
accomplished with the 20-inch hydraulic dredge WILLIAM A. THOMPSON. Dis-
posal of the dredged material occurred in a bermed on-land disposal area with a
drop structure and culverts to allow for the return of effluent after a short
retention time. Dredging was conducted at this site from 12 July 1979 to 6
August 1979. On 25 and 26 July 1979 this dredging and disposal operation was
monitored for its effects on water quality.

The sediments from the St. Paul Barge Terminal dredge cut had from 2- to
6-percent fine materials (silts and clays). Settleability tests indicated that
the bottom sediments had a high turbidity and suspended solids generation poten-
tial. Suspended solids showed a steep drop with time, but turbidity showed a
gradual decrease with time. Bulk chemical analyses of sediments in 1978 (Anderson
et al., 1979) from the St. Paul Barge Terminal historical dredge site indicated
that the sediments ranged from moderately contaminated coarse material to
heavily contaminated fine material compared with other areas on the Upper Mis-
sissipi River. The particle size data from this study suggest that the sediments
dredged at the time the water quality monitoring was conducted fell between the
two extremes in composition noted in the 1978 study. Therefore, the results of
the water quality monitoring may not be totally representative of dredging either
the coarser or finer materials present within the historical dredge site.

Large fluctuations in ambient water quality were observed in this study and
are most likely attributable to seasonal fluctuations.
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The water quality monitoring of the hydraulic dredging and disposal
operation was done in two phases. The objective of phase I was to assess
the general magnitude of changes in water quality (turbidity and suspended
solids) within a 1-mile reach of the river downstream of the effluent pipe
from the confined on-land disposal area.

a. Turbidity and suspended solids data correlated well (r - 0.92).

b. In phase I both turbidity and suspended solids showed significant
increases (t-test) below the effluent pipe over upstream controls. Approx-
imately a 12-percent increase in turbidity and suspended solids occurred
below the effluent pipe in run 1.

c. The phase I data also showed that, within an hour after the effluent
pipe stopped running, the effects on turbidity and suspended solids had dis-
appeared.

d. The hydraulic cutterhead itself did not appear to cause any elevations
in turbidity and suspended solids.

Phase II of this study assessed the trends in water quality with distance
downstream of the effluent pipe. It also monitored selected chemical parameters,
in addition to the indicator parameters of turbidity and suspended solids.

a. In phase II, biocides and PCB's were not detected in most of the
water samples collected. However, PCB's were detected near the limits of
sensitivity at 0.1 ug/l in one sample from the effluent pipe and 100 feet
downstream of the effluent pipe. One effluent pipe sample also had detect-
able levels of dieldrin (0.01 ug/1).

b. Copper, lead, nickel, zinc, ammonia nitrogen, turbidity, and suspended
solids concentrations were from two to six times higher in effluent pipe sam-
ples than in upstream control samples. Chromium showed less reaction, being
only slightly elevated over upstream control values in the effluent from the
confined on-land disposal area.

c. The chemical and physical parameters, except chromium, correlated well
with each other.

d. Obvious trends with distance downstream of the effluent pipe were evidenced
for the chemical and physical parameters. All the parameters showed relatively
high concentrations within 200 feet of the effluent pipe. However, by 400 feet
downstream of the effluent pipe, a rapid drop in concentrations had occurred. By
2,700 feet downstream of the effluent pipe, most of the parameters had returned
to ambient levels, with some returning earlier than others. The data indicate
that very rapid settling and dilution occurred near the disposal area and that
the effect on water quality of the effluents from the disposal area was very
localized.
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None of the chemical parameters in any of the samples exceeded the pro-
posed maximum permissible level at any one time (Federal Water Quality Criteria).
However, where suffiecient sensitivity was achieved in the analyses for compari-
son with the criteria, PCB's, dieldrin, zinc, cadmium, and copper were the only
parameters to exceed the levels for the proposed 24-hour average Federal Water
Quality Criteria. It should be noted that since the monitoring did not occur over
a 24-hour period, a 24-hour average concentration cannot be calculated, making
this comparison so:ewhat tenuous.

a. PCB's, dieldrin, and zinc values exceeding the 24-hour average criteria
were found only in samples from the effluent pipe and within 200 feet of the
effluent pipe.

b. Copper and cadmium values exceeding tne 24-hour average criteria were
found equally distributed among upstream control samples and those taken down-
stream of the effluent pipe. However, copper did show elevations below the
effluent pipe, but by 400 feet downstream of the effluent pipe, copper had
returned to ambient levels.

0C)LCLUS IONS

On 25 and 26 July 1979, a 20-inch hydraulic dredging operation and sub-
sequent disposal into a confined on-land disposal site with an effluent return
were monitored. The study area was located in Pool 2 of the Upper Mississippi
River.

In this study, the 20-inch hydraulic cutterhead had no observable impacts
on water quality. Impacts on water quality mainly resulted from the effluent
from the confined on-land disposal area.

Turbidity and suspended solids snowed a significant increase below the
effluent pipe from the confined on-land disposal area. Approximately a 12-
percent increase in both turbidity and suspended solids levels was observed.
dowever, turbidity and suspended solids and selected chemical parameters had
dropped to near-ambient levels by 400 feet downstream of the effluent pipe and
were at ambient levels 2,700 feet downstream, with some parameters returning
to ambient levels sooner, In addition, within 1 hour after the effluent pipe had
stopped running, the water quality effects had disappeared.

Host of the chemical parameters showed a good correlation with turbidity
and suspended solids. This supports the recommendations made by others (GREAT
I UQWG, 1978) that turbidity and suspended solids may be useful indicators of
water quality impacts.

In the proposed update of the Redbook, the Environmental Protection Agency
has developed sets of two numerical criteria for each of the parameters on the toxic
substance list. These two criteria are a maximum permissible level at any one time

and a 24-hour average level. None of the cnemical parameters in any of the water
samples, including those taken directly from the effluent pipe, had values exceed-
ing the proposed Federal vWater Quality Criteria for the maximum permissible levels
at any one time. Monitoring on a 24-hour basis so that a 24-hour average level
could be established was not done in this study. It is therefore difficult to
compare the results of this study with the proposed 24-hour average Federal Water
Quality Criteria. However, to indicate a potential concern and because the pro-
posed Minnesota Pollution Control Agency water quality standards are similar to
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the 24-hour average criteria, a comparison of the results of this study with
the 24-hour criteria was made. This comparison indicated that polychlorinated
biphenyls, dieldrin, zinc, cadmium, and copper were the only parameters which
had levels in some of the water samples exceeding the 24-hour average criteria.
For PC's, dieldrin, and zinc, values exceeding the 24-hour average criteria
were found only in water samples from the effluent pipe and within 200 feet of
the effluent pipe. Copper and cadmium values exceeding the 24-hour average
criteria occurred in both upstream control samples and downstream effluent pipe
samples. However, the diposal operation did elevate copper concentrations
compared to upstream controls, within 400 feet of the effluent pipe.

In summary, it would appear that the hydraulic dredge had very little
impact on water quality. However, the effluents from the disposal area did cause
degradation of water quality. The degradation of water quality appeared to be
short-term (within an hour) and localized (within a mile). Past sediment data
(Anderson et al., 1979) and subsequent monitoring of effluents for the entire
dredging operation (see page 70) indicate that the results of this study may
not have been indicative of water quality effects resulting during the entire
dredging operation. This makes it difficult to make overall conclusions regarding
the effects of dredging and disposal on water quality at the St. Paul Barge
Terminal.
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TEEPEOTA POINT (RIVER MILE 757.5)
MOAITORING OF WATER QUALITY

CHANGES RESULTING FROM HYDRAULIC DREDGING
AND EFFLUENT FROM CONFINED ON-LAND DISPOSAL

OBJECTIVE

Tate objective of the study was to determine the areal extent and mag-
nitude of turbidity and suspended solids changes resulting from a WILLIAM A.
THOMPSOA hydraulic dredging operation and the effluent from confined on-land
disposal of the dredged material. In addition, a limited sampling was done
to assess the magnitude of impacts of dredging and disposal operations on the
concentrations of selected metals, ammonia nitrogen, pH, temperature, and
dissolved oxygen. Also, in situ bioassays were run to assess the acute
toxicity of effluents from the confined on-land disposal area.

METHODS

DESCRIPTION OF SAMPLING SITE

Teepeota Point dredge cut is located at approximately Cairo mile 757.5
on the Mississippi River, approximately 2 miles downstream from the city of
Wabasha, Minnesota. Based on historical records of maintenaace, the dredge
site at Teepeota Point has a dredging frequency of 65 percent, requiring
maintenance approximately two out of every three years. The average annual
volume is fourth highest of dredge sites in the St. Paul District. Histor-
ically, the volume removed at this site per dredging event averages 60,000
cubic yards.

The 1979 dredging activity at this site invloved the placement of approxi-
mately 74,700 cubic yards of material into a confined on-land disposal site on
the ft descending bank in Wisconsin, near Cairo mile 757.5. Dredging was
accomplished with the WILLIAM A. ThOMPSON, a 20-inch hydraulic dredge. The
confined on-land disposal area consisted of a bermed area to confine the dredged
material and a culvert to allow for the return of effluent. Maintenance dredging
was initiated on 16 August 1979 and completed on 25 August 1979.

EXPERIMEATAL DESIGN

Sediment - Prior to dredging operations, three sediment samples were col-
lected with a Ponar bottom sampler from the area to be dredged (refer to Figure
4). Particle size and settleability analyses were conducted on all sediment
samples.
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Water - Discrete water samples were taken during dredging on
77 Au---sT1979 with the use of Van Dohrn water samplers. Sampling
sites were located on transects 2800 feet upstream of the dredging
operation; 50 and 1000 feet downstream of the dredging operation; and
1-3, 200, 400, 1600, and 3200 feet downstream of the effluent return
film the confined on-land disposal area (ik.'ure 4). Fach transect

or.'-' tm-t il,, . e es,,-.it.. eant, mi id.o -n, went.
A- ,!ach site, a water sample uas collected 3 feet from the bottom. Two
ti :-rete water samples were also collected directly from the effl t
-;r rated from the confined on-land disposal ari.

After one sample was collected at each of the above sites, the entire

.i'",ln d,-'i n was repeate! again. All of the water zamplec collected
-: anal,,'zed for turbidity and susr-nded solids. rourteen of the water
r-r'les from the firsr run (refer to rigure 4) were analyzed for S-1ectcc

metals, Ammorl'a : r ge r , .m ..:',t'jr,,, - I ' ,ivod ox-, .. ". .

and suspended solids. Prior to the water t-ampling, current velocity was
meaiurt. with a mechanical current meter. Measurements were taken I foot
.from qurface and bottom and at middepth at throe nites (refer to FNiure 4).

In addition to discrete water samples. a recording in situ transmissoaletc'r
(Hydro Products :Aodel 912) was used to measure the effects of the dredging
and disposal operation on light transmission. The traasmissometer was towed

tnrougn tne water along three transects at depths of 6 feet for transects
I and 2 and 4 feet for transect 3 (refer to Figure 4). Transect I was a

cross-section of the river upstream of the dredging and disposal operation.
Transect 2 was a tra.asect parallel to the current direction, downstream

of the dredging operation. Transect 3 was a transect parallel to the current,
downstream and upstream of the discharge point from the confined on-land
disposal area.

In situ bioassays - In situ acute toxicity exposures to the effluent from
the confined on-land disposal area were run on fathead mnnows (Pimerhale:
The test cazes for the fathead minnows consisted of i'- .v :2" ]i!.:-l
baskets made from i/8-tnch mesh galvanized steel hardware cloth. On
20 August 1q79, approximately 200 fathead minnows were purchased from a
local bait shop and equally divided amongst three test cages (approximately
70 in e3ch). The test cages were then suspended at middepth in the water
column, at a site located above the dredging operation to acclimate the
minnows to background conditions on the Upper !'ississirpi River for 24
hours prior to the exposures. After the 24-hour acclimation period was
over on 21 August 1979, any dead minnows and somp of the live minnows were
r-moved from the three test cages, so that exactly 50 minnows were left
in each of the three test cares. One test cage was then positioned at each
of three stations on the Upper Mississippi (refer to Fgw-ej ). One
-t3tiln was located upstream of the dredging and disposal operation and
s;,rved as a rontrol. The remaining two stations were located 100 and 400
feet downstream of the effluent pipe from the confined on-land disposal are. .
It should be noted that a visible plume existed near the disposal area and
toat the test cages were positioned so that they were in the plume from the
disposal area. The cages were thien checked daily, noting mortality and

removing expired minnows. Tie exp-ures were stopped at the end of three
days on 24 August 1979 because tee dredging project was terminated.
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ANALYTICAL METHODS

Samples were chilled after collection and shipped as soon as possible
for laboratory analysis. Particle size analysis of sediment samples
was accomplished by use of standard mesh screens and hydrometer for
finer particles. Settleability tests were conducted according to the
methods described by Anderson et al., 1979. Particle size and settle-
ability tests were conducted by Missouri River Division Laboratory,
Omaha, Nebraska.

Analyses of water samples for metals, ammonia nitrogen, turbidity, and
suspended solids were conducted by the U.S. Geological Survey Laboratory in
Atlanta, Georgia, according to methods described by Skougstad et al., 1979,
and Goerlitz and Brown, 1972.

Dissolved oxygen and temperature were field tested by St. Paul District
Corps personnel with a YSI dissolved oxygen instrument (iodel 57); pH was
also tested in the field using a Bekhman pH meter (Model 123300).
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RESULTS

FIELD CONDITIONS

Weather conditions on 22 August 1979 were not adverse, with air temperatures
averaging 700 F. During the sampling, no observable interference, such as
barge traffic, occurred. Current was relatively swift on 22 August, with a
mean velocity, 1 foot from the surface, of 2.6 feet/second and a mean velocity,
1 foot from the bottom, of 1.8 feet/second in the main channel. Current
velocities along the main channel border near the disposal area were lower,
with a mean velocity of 1.2 feet/second.

SEDIMENT

Particle Size. Sediment samples collected from the area to be dredged on the
day of sampling were coarse (Appendix Table Al). Silts and ciays contributed
to only I to 2 percent of the total particle size distribution. The bottom
sediments consisted mainly of medium-to coarse-sized sand particles. The par-
ticle size data from this study correspond closely to sediment surveys done at
the site in 1978, and are typical of many of the historical dredge sites within
this reach of the Mississippi River (Anderson et al., 1979).

Settleability. Settleability tests conducted on two sediment samples from
the dredge indicated that the dredged sediments had a relatively low turbidity
and suspended solids generation potential (Appendix Table" A2 and A3). Tur-
bidity and suspended solids initial mean values were 51.3 11i-; and 500 vg/l,
respectively. Within 2 hours of settling, turbidity and suspended solids
mean values were 17 ATU and 105 mg/l, indicating rapid settling of the dredged
sediment.

Bulk Chemical Constituents. Although bulk chemical analyses were not conducted
in 1979, the Teepeota dredge site was monitored in I7R (Anderson et al., 1979).
The 1978 results showed no biocide or PCB contamination of the sediments, and
metals and nutrients were found only at low levels.

IN SITU BIOASSAYS

The in situ bloassays were unsuccessful. Mortality of the fathead
t"innows occurred within all of the cages (Appendix Table AS). However, mor-
tality was considerably greater in the upstream control cages than in the
cages located downstream of the disposal area. The observed mortality was
probably attributable to the sensitivity of the fatheads to current. The

cages below the disposal area became covered with detritus, which may have
served as a refuge from the current for the fathead minnows. The fact that
this detritus covering did not take place in the controls probably accounts
for the greater mortality noted in the control cages. In general, it would

appear that the lethal effects of the high current obscured any toxic effects
of the effluent from the confined on-land disposal area. Better results might

have been aciiieved with the use of another fish species that normally resides
in a high current area, such as channel catfish (Ictalurus punctatus), the use

of deflector shields on the upstream ends of the cages to create a sanctuary
from the current for the test organisms, and the use of less abrasive material

for construction of the cages.



TRANSMISSIBILITY

A recording transmissometer was towed along three transects (see Figure 4)
to assess the effects on light transmission caused by the dredging and disposal
operation. On Transect I, a cross-section of the river upstream of the
dredging and disposal operation, percent transmission varied from 46 to 50
percent (Figure 5). Less light transmission was found along the main chan-
nel border, with the highest transmission occurring in the main channel.

Transect 2 was located downstream of the hydraulic dredge and parallel to thL
current. Percent transmission varied by only 1 percent, indicating that the
hydraulic dredging had little or no effect on the transmissibility of the
water.

Transect 3 was located up and downsteam of the effluent pipe

from the confined on-land disposal area. Upstream of the effluent oiDe, per-

cent transmission was approximately 50 percent (see Figure 6). Within 200
feet downstream of the effluent pipe, percent transmission varied from 34 to
43 percent, indicating a substantial drop in transmission. By 800 feet down-
stream of the effluent pipe, percent transmission had returned to upstream
values. However, at 1,000 feet downstream of the effluent pipe, transmission
dropped again. Approximately 1,000 feet downstream of the effluent pipe there
was a wing dam and subsequent shallower water. It would appear that the drop
in transmission 1,000 feet downstream of the effluent pipe was due to an in-
crease in turbulence and mixing of the water column caused by the wing dam
and shallow water. Approximately 1,400 feet downstream of the effluent pipe,
percent transmission was again approaching upstream values.

Immediately downstream of the effluent pipe, drastic fluctuation occurred in
percent transmission, indicating that the plume was sporadic rather than
uniform.

WATER QUALITY

Physical Parameters. At every site, water samples were collected in two runs
and analyzed for turbidity, suspended solids, specific conductance and pH
(Appendix Table A9). In the statistical analysis of this data, no differences
were found between the two runs; therefore, the data from the two runs were
pooled. Analysis of variance was conducted on the turbidity, suspended solids,
specific conductance data to assess the significant differences between the
control, 50 feet downstream of the hydraulic dredge and 1,000 feet downstream
of the hyrdaulic dredge samples. No changes in pH were observed; therefore,
pH was not statistically analyzed. Of the three parameters tested (turbidity,
suspended solids, and specific conductance), only suspended solids showed a
significant k =.05) difference among the three sampling locations (Table 5).
Suspended solids concentrations were highest in the control samples, with a
mean concentration of 21.3 mg/l, compared with a mean concentration of ll.R3
mg/l, 50 feet downstream of the hydraulic cutterhead.
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Table 5. Mean Values of Turbidity, Suspended Solids, and Specific Conductance
of -Locations Up and Downstream of the Hydraulic Cutterhead at the Teepeota Point

Dredge Site.

Turbidity Suspended Solids* Specific

Location (NTU) (mg/i) Conductance
Control 4.0 21.33 481.5
50 feet downstream of
hydraulic cutterhead 4.17 11.83 483.5
1,000 feet downstream
of hydraulic cutterhead 4.33 13.83 462.3

*Significant differences in the analysis of variance (''-.05)

The hydraulic cutterhead apparently had little effect on water quality as
measured by pH, specific conductance, turbidity, and suspended solids. Tur-
bidity, suspended solids, and conductance data (Appendix Table A9) from sample
locations 3, 4, 5, 6, and 7 which were located 100, 200, 400, 1,600 and 3,200
feet downstream of the effluent pipe (Figure 4) were statistically analyzed by
regression analysis. Samples from 5E, run 1 and 6E, run 2 were omitted from
the statistical analysis because they were considered outlier values. These
samples were taken in shallow water near the disposal island and may have been
contaminated with bottom material. No significant regression of turbidity
values with distance was found. Plotting turbidity values versus distance
below the effluent pipe indicates that out of 12 available points (Figure 7),
only three high readings occurred at 100- and 200-foot transect overall (no
elevations in turbidity occurred downstream of the effluent pipe over the
values from above the effluent pipe).

Regression of suspended solids with distance below the effluent pipe was also
not significant. However, there was a slight elevation over upstream values
in suspended solids within 1,600 feet of the pipe (Figure 8).

Regression of specific conductance with distance downstream of the effluent
pipe was significant and had a positive slope. A highly significant decrease
in values occurred below the effluent pipe and was sustained out to 1,600 feet
(Figure 9).

Very poor correlations were found among specific conductance, turbidity, and
suspended solids values in the samples downstream of the effluent pipe.

Selected Chemical Parameters. At selected sampling locations (upstream con-
trols; 50 feet downstream of the hydraulic cutterhead; the effluent pipe; and
100 and 400 feet downstream of the effluent pipe (Figure 4), samples were
collected in run I for analysis of selected chemical parameters (Appendix
Table AI). The mean concentrations of each of the chemical parameters for
these selected sampling site locations are summarized in Table 6. For all
the parameters except dissolved oxygen, the mean concentrations of samples
collected from the effluent pipe were slightly greater than the mean concentra-
tions of the upstream control samples. However, the only parameters that anpeared
to show any elevations in concentrations immediately downstream of the dredge
and/or effluent pipe were copper, lead, NH3 & NH4 , and temperature. These
elevations were rather small and were not statistically significant in one-way
analysis of variance tests. Of the other parameters tested, nickel was the
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Figure 9. Comparison of Specific Conductance Data Up-and Downstream
of the Effluent Pipe at the Teepeota Dredge Site.
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only parameter that showed a statistically significant difference in one-way
analysis of variance tests among the five sampling locations. This signifi-
cant difference is attributable to the high values observed in the effluent
pipe-almost twice the ambient levels. There were no differences in nickel
concentrations between upstream control samples, downstream of the dredge
samples, and downstream of the effluent pipe samples.

Correlation analyses were run on the chemical and appropriate physical data.
Turbidity and suspended solids correlated well with each other (0.93). Corre-
lation analyses of the chemical parameters with suspended solids and turbidity
showed that a good relationship existed between nickel and the physical para-
meters, turbidity and suspended solids (Table 7). A much looser relationship
existed between the other chemical parameters and the physical parameters. It
should be noted that the correlations in Table 7 were calculated using the
data from the effluent pipe as well as the river water samples. The same cal-
culations, using only the river water samples, would show practically no corre-
lation, due to the relatively narrow range of values and the relative lack of
effects on the water quality of the river of the dredging and disposal operations.

Table 7. Correlations of the Chemical
Parameters with suspended Solids and Turbidity

Dissolved Specific
Chromium Copper Lead Nickel Oxygen Conductance

Suspended solids .46 .55 .45 .83 .31 .00

Turbidity .52 .65 .50 .87 .06 .26

Comparison with Water Qtality Criteria and Standards. The proposed Federal
water quality criteria for the maxinum permissible level at any one time and
the 24-hour average level (for each of the parameters) are listed in Table 4.
None of the parameters investigated in this study exceeded their respective
maximum permissible levels. Cadmium and copper exceeded the 24-hour average
level in some of the discrete samples collected. It should be noted that
since the monitoring did not occur over a 24-hour period, a 2h-hour average
concentration cannot be calculated, making the comparison somewhat tenuous.
Copper values in discrete water samples exceeding the 24-hour average level
were found immediately downstream of the hydraulic dredge, in the effluent,
and immediately downstream of the disposal area.

The Minnesota Pollution Control Agency's (MPCA) proposed water quality standards
numerically are either slightly greater or less than the proposed Federal 2b-
hour average criteria. For the most part, the comparison between Federal 24-hour
average criteria and the Minnesota proposed water quality standards holds true,
with the exception that the IPCA has developed standards for turbidity (25 NTU).
The only samples that exceeded this standard were those collected from the
effluent pipe.

SUO4ARY

From 16 August 1979 to 25 August 1979, Teepeota Point dredge cut (Cairo mile

757.5) was hydraulically dredged to maintain the 9-foot navigation channel on
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the Upper Mississippi River. Disposal of the dredged material occurred in
a confined on-land disposal site with a drop structure and culverts to allow
for a return of effluent.

The dredged sediments mainly consisted of sand-sized particles with oniv
traces of silts and clays. Settleability tests indicated the dredged material
had a low turbidity and suspended solids generation potential when resuspended
and had a short settling time.

In situ acute toxicity exposures to the effluent from the confined on-land
disposal areas were run on fathead minnows (M'mephales spp.); these exposures,
however. were unsuccessful. Mortality of fathcad minnows occurred in all test
cages, with the greatest mortality occurring in upstream control cages. The
observed mortalities probably resulted from stress due to the exposure of the
fatheads to relatively high current rather than from factors associated with
the dredging operation.

Results from an in situ recording transmissometer indicated the hydraulic
cutterhead had very little effect on the river water's ability to transmit
light. However, the effluent from the disposal area decreased the river water'q
ability to transmit light within 800 feet downstream of the effluent pipe.
It also indicated thar hydraulic features near the disposal areas may greatly
influence the return to background levels.

Turbidity, suspended solids, specific conductance, and pH did not show
any statistical (analysis of variance) elevations downstream of the hydraulic
dredge. Effluents from the disposal area had turbidity and suspended solid
values exceeding upstream control values. In addition, there appeared to be
a slight elevation in turbidity and suspended solids within 1,600 feet downstream
of the disposal area. However, regressions of turbidity and suspended solids
with distance downstream of the disposal area were not signifi.-ant. A signifi-
cant positive regression of specific conductance with distance downstream was
observed, indicating that the effluents from the disposal area caused a decrease
in specific conductance with a gradual return to ambient levels within 3,200
feet. The effluents from the disposal area appeared to have no effects on pH.

In addition to a detailed monitoring of turbidity, suspended solids, pH,
and specific conductance, selected chemical parameters were monitored at sevral
sample locations. Cadmium, chromium, copper, lead, nickel, zinc, total ammonia
(NH3 & NH ), and temperature values in the effluent from the disposal area were
greater than upstream control levels. However, none (if the parameters showed
statistically significant elevations downstream of the disposal area over up-
stream control levels, indicating that rapid mixing and dilution occurred near
the disposal area.

None of the parameters In any of the samples collected exceeded the applicable
proposed Federal water quality criteria for the maximum permissible level at any
one time. In some samples, cadmium and copper values exceeded the levels of the
applicable proposed Federal water quality criteria for 24-hour average levels,
and applicable proposed Minnesota State water quality standards. In addition,
turbidity exceeded the Minnesota water quality standard of 25 NT1I, hut only
in the effluent from the disposal area.

CONCLUSIONS

On 22 August 1979, a 20-inch hydraulic dredging operation and subsequent
disposal into a confined on-land disposal site with an effluent return were
monitored. The study area was located in Pool 5 of the Upper Mississippi River

in an area of granular bottom material.
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In this study, the 20-inch hydraulic cutterhead had no observable effects on
the selected physical and chemical parameters investigated. The effluents
from the disposal area contained concentrations, for most of the parameters
investigated, greater than upstream control levels. However, no statistically

significant increases downstream of the disposal area were observed for any
of the parameters investigated, although there did appear to be slight eleva-

tions of turbidity, suspended solids, copper, lead, total ammonia, and temperature
immediately downstream of the disposal areas. Specific conductance showed a
significant positive regression with distance downstream of the effluent pipe,
indicating that the effluent from the disposal area decreased specific conduc-

tance with a gradual return to ambient levels at 3,200 feet.

The results of an in situ recording transmissometer indicated that the hydraulic
dredge had no effects on the river water's ability to transmit light, but that
the effluents from the disposal area caused a localized (within 1,000 feet)
decrease in the transmissibility of river water.

In summary, it would appear that the hydraulic dredge did not cause any appre-
ciable changes in water quality, but that the effluents from the disposal area
caused some minor and localized changes in water quality.
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BELOW WEST NEWTON DREDGE CUT (CAIRO MILE 746.6)
MONITORING OF TURBIDITY AND SUSPENDED SOLIDS

CHANGES RESULTING FROM HYDRAULIC DREDGING
AND EFFLUENT FROM CONFINED ON-LAND DISPOSAL

OBJECTIVE

The objective of the study was to determine the areal extent and magnitude
of turbidity and suspended solids changes resulting from a WILLIAM A. THOMPSON
hydraulic dredging operation and the effluent from confined on-land disposal of
the dredged material.

METHODS

DESCRIPTION OF SAMPLING SITE

The Below West Newton dredge cut area is located approximately 6 miles down-
stream of Alma, Wisconsin, at Cairo mile 746.5 on tIle Upper Mississippi River.
The area is located along a bend in the main navigational channel and, because
of this bend, shoaling occurs quite frequently in this area, requiring main-
tenance dredging approximately every other year. From 1956 to 1978, the
volume of material dredged per job has ranged from 8,000 to 135,000 cubic
yards, with an average per job of 73,400 cubic yards.

ouring tne 1979 dredging season, one cut was dredged to a depth of 13 feet,
with the WILLIAM A. THOMPSON removing 32,800 cubic yards of accumulated sedi-
ments. Work began on 27 August 1979 and was completed on 30 August 1979. Place-

went of the dredged material was on an island at Cairo mile 746.7, on the right
descending bank in Minnesota. The disposal site was located approximately

3,000 feet downstream of the dredge cut (see Figure i0). The disposal area
consisted of a berwaed containment area that covered approximately 6 acres
and aad an inside capacity for 65,000 cubic yards of dredged maaterial.

EXPERIMENTAL DESIGN

Sediment. Prior to dredging operations, three sedi-ent samples were col-
lected with a 9-inch Ponar bottom sampler from the area to be dredged (see Figure
10). Particle size ana4 ysis and settleability tests were conducted on all

sediment samples.

Areal Extent. Discrete water samples were collected during dredging opera-
tions on 30 August 1979 for aaalysis of turbidity and total suspended solids.
Sample sites were located on transects 1,500 feet upstream of the dredge; 300
and 1,000 feet downstream of the hydraulic cutterhead; 200 feet upstream of
the disposal pipe from the confined on-land area; and 0, 100, 200, 400, 800,
1,60J, and 3,400 feet downstream of the disposal pipe from the confined on-land
disposal area (see Figure 10).
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Each transect had three sampling sites designated east, middle, and west.
Samples were collected simultaneously at mid-depth from each of the sites on

a given transect. Two discrete water samples were also collected directly
frot tLe effluent pipe. After one water sample had been collected from each

of tne sites described above, the entire sampling design was repeated.

AAALYT LCAL AETdODS

Samples were chilled after collection and shipped as soon as possible for
laboratory analysis. Collection and analysis of turbidity and suspended solids
samples followed guidelines set fortii in the U.S. Environmental Protection
Agency's "Methods for Cnemical Analysis of Water and Wastes," July 1974.
Particle size analysis of sediment samples was accomplished by use of stand-
ard mesh screens and hydrometer for finer particles. Settleability tests were
run according to methods described by Anderson et al., 1979. All analyses
were conducted by Environmental Protection Laboratory, St. Cloud, Minnesota.

RESULTS

FIELD CONDITIONS

deather conditions on the day of sampling were sunny and calm with air tem-
peratures around 360 F. Current measurements were not taken at this site; how-
ever, the river appeared to be slightly elevated on the day of sampling due to
the heavy rains occurring within the week prior to sampling, and the current
appeared to be very swift.

Sampling was delayed at various points due to barge traffic and one opera-
tional shutdown. Sampling on Run 1 was initially delayed 10 minutes because of
a passing barge. An operational shutdown of the dredge between samples 4 and 5
of run I caused an additional 15-minute delay. Between runs 1 and 2, barge
traffic caused a delay of one-half hour. Run 2 was completed without further
disturbance.

SEDIMENT

Particle Size. Analysis of the sediments collected from the dredge cut

area indicated that tie sediments were extremely coarse (Appendix Table Al).
Silts and clays made up less than 1 percent of the total particle size distri-
bution. The sediments consisted of predominantly medium-grained sands, with
a trace of gravel.

Settleability. In the three samples tested, initial mean values for tur-
bidity and suspended solids were 132 NTU and 469 mg/l, respectively (Appendix
Table A2 and A3). At the end of 1 hour of settling, turbidity had a mean value
of 23 NTU and suspended solids a mean value of 33.7 mg/l. This would indicate
that the sediments from the Below Iest Newton dredge site had a low-to-moderate

turbidity and suspended solids generation potential and a fairly rapid settling

over time.
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WATER

General. Turbidity ranged from 43 to 58 NTU in all river samples, except
one which had a value of 73 NTU which was deemed an outlier and not included
in lurther analysis of the data (Appendix Table All). Suspended solids ranged

from 122 to 232 mg/l in all river samples.

Ambient levels were approximately ten times those recorded for the study
conducted at Teepeota Point dredge cut only eight days prior to this study and
located within ten miles of the Below West Newton dredge cut. This dramatic
change in ambient levels was probably due to the heavy rainfall occurring prior
to sampling at the Below West Newton dredge cut and the associated increased
discharge of tile river. In addition, the Below West Newton dredge cut is loca-
ted only 3 miles downstream of the mouth of a large tributary, the Zumbro River.
During high discharge times tie Zumbro River carries large amounts of suspended
and bed-load material into tne Mississippi River.

Tile samples collected from the effluent pipe indicate that the disposal
operation was a point source of suspended material (Appendix Table A-11).
Turbidity values from the effluent pipe were more than 10 times greater than
ambient river water and had a mean value of 633 NTU. Suspended solids values
were 3-i0 times greater in the effluent pipe tnan in ambient river water.
The effluent had a mean concentration of 1,275 mg/l suspended solids. With
tne exception of the monitoring of the dredging operation at the St. Paul
Barge Terminal, located in Pool 2, the turbidity and suspended solids values
from the effluent pipe were the highest recorded in the 1979 monitoring study.

Statistical Evaluation. The turbidity and suspended solids data were statis-
tically analyzed by a three-way analysis of variance. The three factors con-
sidered were the distances up- and downstream of the dredge and effluent pipe,
sampling site location on a transect, and sampling runs. The analysis of variance
indicated that there were significant (4=.05) differences in values with distance
up- and downstream of the dredge and the effluent pipe (Table 8). There were
approximately 6 percent increases in turbidity and suspended solids 300 feet down-
stream of the hydraulic cutterhead. However, 1,000 feet downstream of the dredge,
no substantial differences from control values were evidenced for either turbidity
or suspended solids. Within 400 feet of the effluent pipe, an elevation in tur-
bidity over upstream of the dredge and effluent pipe samples occurred. Further
downstream, no substantial differences from upstream control values were found.
Suspended solids did not show the same pattern as turbidity below the effluent
pipe. The only differences from the suspended solids control values occurred
at two distances from the effluent pipe; a decrease at 1,600 feet and an increase
at 3,400 feet. This is unexpected and probably is unrelated to the disposal
and dredging operation.
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Table 8. Mean Turbidity and Suspended Solids Values for Various
Distances Up- and Downstream of the Hydraulic Cutterhead
or the Effluent Pipe from the Confined On-Land Disposal Area.

Distance From
Dredge or Turbidity Suspended Solids

General Sampling Area Effluent Pipe(Feet) (NTU)* (mg/l)*

Upstream of Dredge and
Effluent Pipe --- 49 155

Downstream of Dredge 300 52 163
1,000 51 150

Near and Downstream of
The Effluent Pipe -200 53 159

0 53 154
100 53 155
200 51 158
400 52 149
800 51 157

1,600 50 143
3,200 51 166

* Significant differences <=.05) in the analysis 3f variance with distance up-
and downstream of the dredge and disposal area.
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In the analysis of variance, no significant differences were found for
turbidity with location on a transect (Table 9). However, there were sig-
nificant differences in suspended solids concentrations with location on the
transect. The east position, which was located closest to the main channel
and farthest from the disposal area, had the highest value. This is contrary
to what might be expected. The west position, located closest to the disposal
island, would be expected to have the highest values. Therefore, this is prob-
ably unrelated to the dredge and disposal operation.

Table_9. !fean Turbidity and Suspended Solids Values for the Thrte Locations
on a Transect: East, Middle, and West.

Location Turbidity (NTu) Suspended Solids (mg/l)*

West 52 154

Middle 52 151

East 51 162

* Significant differences (W=.05) in analysis of variance between sampling site

location on a transect.

In the analysis of variance, no significant difference in turbidity was
found between the two sampling runs. Suspended solids, however, showed a signi-
ficant difference, being highest in the second run (Table 10). This trend was
also evidenced in the upstream control samples and therefore is probably not
related to the dredging operation. Sampling between runs I and 2 was delayed
one-half hour to allow for the passage of two barges. The passage of these
two barges may have influenced ambient water quality or there may have simply
been a natural flux in ambient levels.

Table 10. Ifean Turbidity and Suspended Solids Values for the Two Sampling Runs

Sampling Run Turbidity (NTU) Suspended Solids (mg/l)*

Run 1 51 150

Run 2 51 161

Significant difference (b.05) in analysis of variance between sampling runs.
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Comparison to Water Quality Standards. The Minnesota Pollution Control
Agency (MPCA) water quality standard of 25 NTU was exceeded in all samples,
including upstream control samples. The MPCA standard of 30 mg/l suspended
solids was also exceeded in all samples. Ambient river water was approximately
double the turbidity standard and 5 times the suspended solids standards.

SUMMARY

On 30 August 1979, a hydraulic dredging operation, with disposal of the
dredged material in a confined on-land area with an effluent return, was moni-
tored in Pool 5 of the Upper Mississippi River.

The bottom sediments from the dredge cut were coarse, consisting primarily
of medium-grained sand, with some gravel. The sediments, when mixed with ambient
river water, showed a low to moderate turbidity and suspended solids generation
potential and a rapid settling with time.

Turbidity ranged from 43 to 58 NTU and suspended solids ranged from 122 to
232 mg/l in all river samples. Ambient levels were approximately 10 times those
recorded for another study conducted only 8 days prior to this study and located
within 10 miles of the Below West Newton dredge cut. This indicates that there
are dramatic daily fluctuations in suspended material.

The effluent pipe was acting as a point source for suspended material. Tur-
bidity and suspended solids values were from 5 to 10 times greater in the
effluent than in ambient river water.

The turbidity and suspended solids data were statistically analyzed by
analysis of variance which considered three factors; distance up- and downstream
of the dredge and disposal area, sampling site location on a transect, and sampl-
ing runs. Significant differences in turoidity and suspended solids were found
with distances up-and downstream of the dredg. and disposal area. Elevations
over ambient turbidity and suspended solids levels were found 300 feet downstream
of the hydraulic dredge, but by 1,000 feet downstream both parameters had returned
to ambient levels. Elevations over ambient turbidity levels were also found with-
in 400 feet of the effluent pipe, but by 800 feet the turbidity values were not
substantially different from control levels. For suspended solids, there were
no significant elevations in concentrations below the effluent pipe that were
directly related to the disposal operation.

Turbidity showed no significant differences between the sampling runs, or the
sampling site location on a transect. Suspended solids did show significant
differences between sampling runs and among sampling site positions on a transect.
The differences found among sampling site locations were unexpected and probably
not directly related to the dredging operation. Similarly, the differences be-
tween sampling runs were probably not directly related to the dredging operation,
but may have been due either to barge activity or natural fluctuations.
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A comparison of the results to MPCA Water Quality Standards indicated
that ambient water quality was already poor; turbidity and suspended solids
exceeded standards in all samples, including upstream control samples.

CONCLUSIONS

From 27 to 30 August 1979. maintenance dredein2 was oerformed at the
Below West Newton dredge site (Cairo mile 746.6) in Pool 5 of the Upper Missis-
sippi River. On 30 August 1979, the indicator parameters (turbidity and sus-
pended solids) were monitored to assess the changes in water quality caused by the
dredge and the effluents from the contined on-land disposal area. Statistically
significant differences in turbidity and suspended solids values with distance
up-and downstream of the dredge and disposal operations were found. Elevations
in turbidity and suspended solids over ambient levels were found 300 feet down-
stream of the dredge but not found 1,000 feet below the dredge.

The effluent pipe from the confined on-land disposal area acted as a point
source of suspended material, showing turbidity and suspended solids values 5
to 10 times greater than ambient river water. However, suspended solids did
not show any elevation below the effluent pipe and turbidity was elevated only
over control values within 800 feet of the effluent pipe. Generally, where ele-
vations in this study were found they were minor, only approximately 6 percent
of upstream control values. This would indicate that very rapid settling and
dilution occurred near the dredge and disposal area.

Ambient levels of turbidity and suspended solids on the day of sampling
were already high, being at least double the applicable Minnesota State
water quality standards, and tended to mask the effects of the dredging and
disposal operation. The dredging and disposal operation caused a further
degradation of the existing high levels, but only slightly and in a very locali-
zed area (within 1,000 feet).
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ABOVE LAKE STREET BRIDGE (CAIRO MILE 850.3)
MONITORING OF WATER QUALITY CHANGES

RESULTING FROM CLAMSHELL DREDGING

OBJECTIVE

The objective of the study was to determine the areal extent and magni-
tude of turbidity and suspended solids changes resulting from a clamshell
dredging operation conducted by the derrickbarge HAUSER.

METHODS

DESCRIPTION OF SAMPLING SITES

The Above Lake Street Bridge dredge site is located at approximate Cairo
Mile 850.3 on the Mississippi River, about 0.4 mile upstream of the Lake Street
Bridge. Based upon historical records of maintenance, this site has a dredg-
ing frequency of 61 percent, requiring maintenance dredging approximately 2
out of every 3 years. Historically, the average volume removed per dredging
job is 33,200 cubic yards, with an average annual volume of 20,200 cubic
yards.

The 1979 dredging activity at the Above Lake Street Bridge dredge site in-
volved the removal of approximately 29,704 cubic yards of material. All dredged
material was barged upstream to the Minneapolis coal docks to be stockpiled
for beneficial use. Dredging was accomplished by the derrickbarge HAUSER and
its attendant vessels. Maintenance dredging commenced on 15 September 1979
and was completed on I October 1979.

EXPERL4ENTAL DESIGN

Sediment. Prior to dredging operations, three sediment samples were col-
lected with a Ponar bottom sampler from the area to be dredged (Figure 11).
These bottom samples were used for particle size and settleability analysis.

Water. On 19 September 1979, discrete water samples were collected during
dredging operations with tne use of Vaa Dohrn and Kemmerer water samplers.
A control site was located approximately 500 feet upstream from the derrick-
barge HAUSER. Sample transects were located 100, 200, 400, 800, 1,700 and
3,200 feet downstream from the clamshell bucket of the HAUSER. Every sample
transect had three sites, designated as east, middle, and west. The east and
west locations were each approximately 50 feet from the middle site (Figure
11). At all sites, water samples were taken 3 feet from the bottom.
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At each transect, samples were collected simultaneously from boats located

in the east, middle, and west locations. Transects were sampled in order,

beginning at tne transect farthest upstream and moving downstream until all

transects were sampled. This sampling schedule was repeated three times.

A delay of approximately 45 minutes occurred between Runs 2 and 3 due to a

shutdown of tce HAUSER.

In addition to discrete water samples, a recording in situ transmissometer

(Hydro Products Model 912) was used to measure the effects of the dredging

operation on light transmission. The transmissometer was towed through the
water at a deptn of 6 feet along two cross-sectional transects. Transect A was
an upstream control traisect running from east to west. Transect B was loca-
ted 100 feet downstream of the HAUSER, running from east to west. Transect
B was run twice, with the second run going from west to east (Figure 11).

Current velocity measurements were also taken, using a Teledyne Gurley

current meter, approximately 100 feet lownstream of the HAUSER (Figure 11).

Measurements were taken I foot from the bottom, at mid-depth, and I foot from

the surface.

ANALYTICAL METHODS

Samples were chilled after collection and shipped as soon as possible for

laboratory analysis. Particle size analysis of sediment samples was accom-

plisned by the use of standard mesh screens and by hydrometer for finer par-

ticles. Settleability tests were conducted according to the methods described

by Anderson et al., 1979. Analyses of the water samples were conducted accord-

ing to methods set forth in the U.S. Environmental Protection Agency's "Methods

for Chemical Analysis of Water and Wastes," July 1974.

St. Paul District, Corps of Engineers personnel collected the sediment
samples and took the transmissometer readings. Environmental Protection Labs
of St. Cloud, Minnesotacollected all water samples and conducted all laboratory
analysis.

RESULTS

FIELD CONDITIONS

Weather conditions on 19 September 1979 were sunny and calm, with air
temperatures of 75 F. Current measurements taken at two locations and at
three depths--I foot from the surface and bottom and at middepth--indicated
that the current was rather slow on the day of sampling, having a mean velocity
of only .52 feet/second.

Many btorm sewers of the Twin Cities metropolitan area enter the Mississippi
River in the area that was being dredged in Pool 1. However, on the day of samp-
ling, none of the storm sewers in the immediate vicinity of the dredging opera-
tion were discharging.
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Sampling was delayed at various points due to two operational shutdowns
and one passing barge. An operational shutdown caused a 5-minute delay be-
tween sampling of transects 2 and 3 on run 2. An operational shutdown and a
passing barge caused a 15-minute delay preceding the sampling of transect 2 on
run 3. Other tnan the above-mentioned incidents, sampling was completed with-
out disturbance.

SEDIMENTS

Particle Size. The bottom sediments from tae area being dredged at the
time of monitoring were mainly fine-grained sands (Appendix Table Al). Silts
and clays contributed to only 3.4 percent of the total particle size distribution.

Settleability. Initial turbidity after 1 minute of settling had a mean
value of 38.3 NTU from three samples (Appendix Table A2). Initial mean suspended
solids concentration was 772 mg/l (Appendix Table A3). After 30 minutes of set-
tling time, the settleability samples had a mean turbidity value of 25 NTU and a

mean suspended solids concentration of 80 mg/l, indicating a rather rapid drop
in suspended solids and a more gradual drop in turbidity values over time. Gen-
erally, these values are higher than those at many sites sampled on the Upper
Mississippi in 1978 (Anderson et al., 1979). However, they are considerably
lower than values at other sites sampled in the same study that had larger
percentages of silts and clays.

WATER

Transmissibility. A recording in situ transmissometer was towed through
the water 6 feet below the surface along two transects near the dredging opera-
tion (Figure 12). Transect A was a cross-section of the river upstream of the
dredge. Transect 8 was run twice and was a cross-section of the river 100 feet
downstream of the dredge. On Transect A, the percent transmission varied from
49 to 53.5 percent and had a mean value of 51.4 percent. In both runs on Tran-
sect B, the percent transmission varied from 40.5 to 57 percent transmissio4 with
overall means of 51.0 in run 1 and 52.3 in run 2. Basically, there was very little
difference in percent transmission between tne two transects, indicating the clam-
shell dredge had no appreciable effect on the ability of the water to transmit
lignt.

Discrete Water Samples. Discrete water samples were collected 3 feet from
the bottom along transects located up- and downstream of the clamshell dredge.
Turbidity values ranged from 4.7 to 6.0 NTU in all samples collected (Appendix
Table A12). Suspended solids showed dramatic fluctuations and ranged from 2 to
40 mg/l in all of the samples. The turbidity and suspended solids data were
statistically analyzed by a three-way analysis of variance. The three factors
considered were distance up- and downstream of the dredge (-500, 100, 200, 400,
oo, 1,600, and 3,200 feet), sampling site location on a transect (east, middle,

west), and sampling run (runs 1, 2, and 3).

In the analysis of variance, significant differences for both turbidity and
suspended solids were found witn distance up- and downstream of the dredge. Ele-
vations over upstream controls in both turbidity and suspended solids were observed
down to 400 feet below the dredge (Table 11). Turbidity, 100 feet downstream
of the dredge, showed a 10-percent increase (0.5 NTU) over upstream controls.
Suspended solids, 100 feet downstream of the dredge, had a 75 percent increase
(10 mg/i) over upstream controls. The effects on turbidity and suspended solids
dissipated with increasing distance downstream of the dredge.
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Table il.Mean Turbidity and Suspended Solids Values for Transects Located
Up- and Downstream of the Dredge.

Distance from Dredge (feet) Mean Turbidity (iATU)* Mean Suspended Solids (rag/l)*

-500 (controls) 5.1 12
100 5.6 22
200 5.4 19
400 5.3 19
800 5.2 14
1,600 5.1 14
3,200 4.9 17

* Significant difference in the analysis of variance (a=.05)

In the analysis of variance, location on a transect did not show any signi-
ficant differences in turbidity values but a significant difference was observed
in suspended solids concentrations. The middle location had the highest mean

value and the west location the lowest (Table 12). A possible explanation for
this trend is that the middle boat used a 6-liter plastic Van Dohrn sampler and

the two outside boats used 1-liter Kemmerer samplers. Therefore, it is possible
that the differences observed may have occurred as a result of the two types of

sampling devices used. Anotner possibility is that the middle location was more

ia tie thalwee area, wnich probably has a greater suspended material transport

capability. The control samples also exhibited this trend, making it difficult

to determiae how mucn effect the dredge may have had upon concentrations of

suspended solids at tne sampling site locations along the transects.

Table 12. Aean Turbidity and Suspended Solids Values for Sampling Site Locations on
the Transects.

Locations Mean Turbidity (NTU) Mean Suspended Solids (mg/l)*

W 5.3 10

M 5.2 25

E 5.2 16

* Significant difference between locations kXC.05).
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The analysis of variance also showed no significant differences among
the three sampling runs. This would indicate that ambient water and the9plume were generally uniform during the sampling period. However, it should
be noted tnat individual sites showed wide fluctuations in values, indicating
there may have been some short-term temporal and/or spacial variations in the
plume.

Comparison to Water Quality Standards. In all cases, turbidity was well
below the Minnesota Pollution Control Agency water quality standard of 25 NTU.
The mean values for transects downstream of the dredge did not exceed the MPCA
water quality standard of 30 mg/l suspended solids. However, 12 individual
samples (including one in the controls) out of 63 possible cases nad values
exceeding the 30 mg/l standard. Eight of these 12 samples occurred in samples
collected at the middle location, and may relate to the different sampling
devices as discussed earlier.

SUM4ARY

On 19 September 1979, a clamshell dredging operation was monitored to
assess the changes in turbidity and suspended solids levels caused by dredging
at a site in Pool I of the Upper Mississippi River.

Current velocities were rather slow on the day the water sampling was con-
ducted, having a mean velocity of 0.52 feet/second.

The bottom sediments being dredged were predominantly fine-grained sands,
with some silts and clays. The bottom sediments had a moderate turbidity and
suspended solids generation potential and settling time.

Results from a recording in situ transmissometer indicated that use of the
clamshell dredge had very little effect on the river water's ability to transmit
light.

In discrete water samples collected up- and downstream of the dredging opera-
tion, turbidity values ranged from 4.8 to 6.0 NTU and suspended solids concentra-
tions ranged from 2 to 34 mg/l.

The turbidity and suspended solids data were statistically analyzed by a
three-way analysis of variance, which considered distance up- and downstream
of the dredge, sampling site location on a transect, and sampling runs. Signifi-
cant differences were found for distance from the dredge, with elevations over
control levels occurring to a point 400 feet below the dredge. One hundred feet
downstream of the dredge, a 10-percent (0.5 NTU) increase in turbidity and a 75-
percent (10 mg/l) increase in suspended solids over upstream control levels occurred.

No significant differences were found for either turbidity or suspended
solids between the three sampling runs, indicating that both ambient conditions
and the dredge plume were fairly consistent within the sampling period. However,
individual sampling sites had fluctuations in values, indicating that there may
have been some short-term temporal and spacial variations.

Significant differences were found among sampling sites' locations on a
transect with the middle sampling site showing the highest concentrations.

However, because of a potential sampling bias and/or the unknown location of

tile middle sampling sites in relationship to the thalweg, it is impossible to
draw many conclusions regarding this trend.
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Turbidity was well below the MPCA water quality standard of 25 NTU in all
samples. Mean values of suspended solids concentrations at various distances
downstream of the dredge were below the MPCA water quality standard of 30 mg/l.
However, several individual samples did have values exceeding 30 mg/l.

CONCLUSIONS

Maintenance dredging was conducted with the clamshell dredge HAUSER at
the Above Lake Street Bridge dredge site, located in Pool 1 of the Upper Mis-
sissippi River, from 15 September 1979 to 1 October 1979. On 19 September 1979,
the clamshell dredging operation at this site was monitored for turbidity and
suspended solids changes in water quality. The clamshell dredge significantly
increased turbidity and suspended solids concentrations downstream of the dredge.
However, the elevations in turbidity and suspended solids values were relatively
minor: 0.5 turbidity units and 10 mg/l suspended solids. In addition, these
elevations dissipated with distance downstream of the dredge and by 800 feet were
not substantially different from control values. Due to the localized and minor
elevations noted in the indicator parameters (turbidity and suspended solids),
it is unlikely that major degradation of water q:jality occurred with dredging
at this site.
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ISLAND 58 (CAIRO MILE 734.3)
MONITORING OF WATER QUALITY CHANGES
RESULTING FROM CLAMSHELL DREDGING

OBJECTIVE

The objective of the study was to determine tae areal extent and
magnitude of turbidity and suspended solids changes resulting from
a clamshell dredging operation conducted by the derrickbarge HAUSER.

METHODS

DESC;IIPTION OF SAMPLING SITES

The Island 58 dredge cut is located at approximate Cairo Mile 734.3

on the Mississippi River approximately midway between Locks and Dam 5A
and Locks and Dam 5. Based upon historical records of maintenance,
this site has a dredging frequency of 57 percent, requiring maintenance
slightly less than 2 out of 3 years. Historically, the average volume
per dredging job is 47,800 cubic yards, with an average annual volume
of 27,000 cubic yards.

The 1979 dredging activity at Island 58 dredge cut involved the removal
of approximately 20,000 cubic yards of material. All dredged material
was barged downstream to the Fountain City boat ramp parking lot. The
material was then loaded onto Buffalo County Highway Department trucks
and hauled to a beneficial-use stockpile site, to be used later by
Buffalo County.

All dredging operations were conducted by the derrickbarge HAUSER and
its attendant vessels. Maintenance dredging commenced on 30 October
1979 and was completed on 8 November 1979.

EXPERIMENTAL DESIGN

Sediment. Prior to dredging operations, three sediment samples were
collected with a Ponar bottom sampler from the area to be dredged
(Figure 12). These bottom samples were used for particle size and
settleability analysis.

Water. On 6 November 1979 a recording in situ transmissometer (Hydrc
Produc~tsModel 912s) was used to measure the effect of the dredging
operation on light transmission. The transmissometer was towed through
the water at a depth of 7 feet along three transects (Fipure 32). Tran-
sect A was an upstream control transect running north to south. Transect
B was 100 feet downstream of the clamshell bucket and also ran north to
south. Transect C ran upstream, starting about 1,200 feet downstream of

the HAUSER and ending 200 feet upstream of the HAUSER.
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Figure 12. Island 58 Dredge Site on the Upper
Mississippi River: Sampling Site
Locations.
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Current velocity measurements were also taken, using a Teledyne Gurley
current meter. A transect was established approximately 100 feet downstream
of the iIAUSER. Three sites (designated as north, middle, and soutn) along the
transect were used for current measurement (Figure 12). At each site, readings
were takea 1 foot from tae bottom, at mid-depth, and I foot from the surface.

Discrete water samples were collected during dredging operations with the
use of a Van Doarn water sampler. A control transect was located approximately
300 feet upstream of taie d{AUSER. Sample transects were located 100, 250, 500,
1,000, and 1,600 feet downstream of the Hauser (Figure 12). All transects ran
rougnly north to south. Each sample transect had three sample sites, designated
as north, middle, and south. Norta and south locations were each approximately
50 feet from the middle location (Figure 12).

At all sample sites, water samples were taken at a depth of approximately
7 feet (in depth). At each transect samples were collected in sequence, moving
south to north. Transects were sampled in order, starting with the transect
farthest upstream and moving downstream until all transects were sampled. This
sampling schedule was repeated three times.

ANALYTICAL METHODS

Samples were stored outdoors overaigat. Air temperature was approximately
34'F; therefore, samples were not iced. Samples were picked up for analysis
the morning following their collection.

Particle size analysis of sediment samples was accomplished by the use
of standard mesh screens and by hydrometer for finer particles. Settleability
tests were conducted according to the methods described by Anderson et al.,
1979. viater samples were analyzed according to methods set forth in the
U.S. Environmental Protection Agency's "Methods for Chemical Analysis of Water
and Wastes," July 1974.

Corps of Engineers personnel collected all samples and obtained trans-
missometer and current velocity measuremets. Environmental Protection Labs
of St. Cloud, Minnesota, conducted all laboratory analyses.
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RESULTS

FIELD CONDITIONS

Air temperature was approximately in the upper 30's to lower 40'sOF.
Water velocity was moderate, with an overall mean from three sampling sites
and three depths (1 foot from surface and bottom and at middle) of 0.9 feet/
second. Current velocity was slightly faster at middepth of the three depths
sampled. One tow passed shortly before the completion of run 3, causing a sligit
delay.

S EDIMENT

Particle Size. Particle size analyses indicated that the sediments from
the dredge cut were medium- to fine-grained sand (Appendix Table Al). Silts
and clays were found only in trace amounts, 1 percent or less.

Settleability. Initial suspended solids concentrations in all three of
the sediment samples were below 30 mg/l in each case (8 mg/l, 7 mg/I, and
10 mg/l). Therefore, further testing to determine settling over time was
not done. The results indicate that the sediments had very little turbidity
and suspended solids generation potential.

WATER QUALITY

Transmissibility. A recording in situ transmissometer was towed through
the water at middepth along three transects near the dredging operation (Figure

12). Transect Awhich was a cross-section of the river upstream of the dredg-
ing operation, showed results very similar to those at Transect B, which was
a cross-section of the river 100 feet downstream of the dredge. Both transects
showed the highest transmission readings near the Wisconsin shore, which had
the greatest area of main channel border. The lowest readings came from the
Minnesota side, where the main channel abuts the bank of an island. No obser-
vable differences caused by the clamshell operation were found.

Transect C, which ran from 1,200 feet downstream of the dredge to 200 feet
upstream of the dredge and parallel to the current, showed a drop of 1-2 percent
in transmission within 200 feet downstream of the dredge. Beyond 200 feet, the
percent transmission returned to upstream levels. However, even this drop in
percent transmission downstream of the dredge was well within the range r(cordc.d
for Transect A, located upstream of the dredging operation.

Discrete Samples. Turbidity values ranged from 7.5 to 8.8 NTU in all of
the samples collected (Appendix Table A13). Suspended solids ranged from 8 to
32 mg/l in all samples. The turbidity and suspended solids data were statisti-
cally analyzed by a three-way analysis of variance. The three factors considered
were distance up- and downstream of the dredge (-800, 100, 250, 500, 1,000, and
1,600 feet), sampling site position on a transect (south, middle, and west) and
collection runs (runs 1, 2, and 3).

In the analysis of variance, no significant differences were found for
either turbidity or suspended solids with transect distance up- and downstream
of the dredge. However, it does appear that, below the dredge, turbidity was up
slightly but only by an average of 0.2 NTU. Suspended solids, however, de-
creased slightly (by 2.0 mg/l) below the dredge (Table 13).
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Table l3.ean Turbidity and Suspended Solids Values for Transects Located Up-
and Downstream of the Clamshell Dredge.

Transect

Distance Downstream
of the Dredge Mean Turbidity (NTU) Mean Suspended Solids (mg/i)

-800 (upstream) 8.1 21.3
100 8.3 20.6
250 8.2 18.9
500 8.3 18.0
1,000 8.4 18.3
1,600 8.5 20.5

In the analysis of variance, turbidity showed no significant differences among
the three runs,but significant differences were shown in suspended solids levels.
Run 2 had the highest values and fun 3 the lowest (Table 14). Since the controls
also showed this same trend, this was probably caused by some factor other than
dredging at this site.

Table 14. Ifean Turbidity and Suspended Solids for the Three Sampling Runs.

Sampling Run Mean Turbidity (NTU) Mean Suspended Solids (mg/l)*

Run 1 8.3 19.0
Run 2 8.3 25.7
Run 3 8.3 13.2

* Significantly different in analysis of variance (0=.05).

In the analysis of variance, no significant differences were found with
sampling site position on a transect. This would indicate that turbidity and
suspended solids were fairly uniform in the main channel.

Comparison to Water Quality Standards. All samples in the study had tur-
bidity values considerably lower than the Minnesota Pollution Control Agency
(MPCA) water quality standard of 25 NTU. Suspended solids exceeded the MPCA
water quality standard of 30 mg/1 in 8 of 54 samples. However, they were equally
distributed among upstream control samples and samples taken downstream of the
dredge.
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SUMIARY

On 6 November, a clamshell operation at Island 58, in Pool 5A of the Upper
Mississippi River, was monitored for turbidity and suspended solids changes in
water quality.

Current velocity was moderate, with a mean velocity of 0.9 feet/second on
the 6 November 1979 sampling date.

Particle size and settleability analyses of the sediments from the dredge
cut indicated that the material being dredged was coarse and had low turbidity
and suspended solids generation potentials.

The effects of the clamshell dredging on the river water's ability to trans-
mit light was monitored with a recording in situ transmissometer. The clamshell
dredging operation did cause a slight decrease in light transmission (1.2 percent)
but it was well within the range of values recorded from the control transect
and the effects disappeared within 200 feet downstream of the dredge.

Discrete water samples were collected at middepth upstream and downstream
of the dredge. Turbidity values ranged from 7.5 to 8.8 NTU and suspended solids
ranged from 8 to 32 mg/l.

The turbidity and suspended solids data were statistically analyzed by
three-way analysis of variance. The three factors considered were distance
up- and downstream of the dredge, sampling site position on a transect, and
collection runs. No significant differences were found for either sampling
site position on a transect or distance up- and downstream of the dredge. A
significant difference was found between the sampling runs, but this was also
seen in the control samples and is probably attributable to some factor other
than dredging at this site.

Turbidity values in all samples were well below the established Minnesota
water quality standard of 25 NTU. The Minnesota water quality standard of 30
mg/l was exceeded in 8 of 54 samples. However, they were equally distributed
among upstream control samples and samples taken downstream of the dredge.

CONCLUS IGN3

Fro,' 30 October through 8 November 1979, maintenance dredging with the

clamshell dredge HAUSER was performed at Island 58 (RM 734.3) in Pool 5A of

the Upper Mississippi River. On 6 November 1979, indicator parameters (tur-
bidity and suspended solids) were monitored to assess the changes in water
quality caused by the clamshell dredge. No significant elevations attribu-
table to dredging were found. The clamshell dredging operation at Island 58
did not appear to cause any degradation of water quality.
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MONITORING OF EFFLUENT QUALITY FROM CONFINED
ON-LAND DISPOSAL AREAS ON THE UPPER MISSISSIPPI RIVER FOR 1979

OBJECTIVE

In 1977, construction and development of bermed on-land containment areas were
initiated as pilot studies at various locations along the Upper Mississippi
River. These containment areas were constructed for two general purposes:
(I) to restrain dredged material to the smallest area practicable to mininlz,
physical impacts (burial) on wetlands and other aquatic habitat on the Upper
Mississippi River, and (2) to maximize effluent quality and subsequently
minimize water quality impacts of disposal of the dredged material.

This portion of the 1979 research addresses the latter purpose. The objective
was to monitor effluent quality, as measured by turbidity and suspended solids
from confined on-land disposal areas, in order to make a general prediction of
witer column effects and to assist in evaluating the efficacy of the
pond areas in reducing water quality effects of the disposal of hydraulically
dredged material.

METHODS

DESCRIPTION OF SAMPLING SITES

In 1979, seven dredging sites on the Upper Mississippi River were hydraulically
dredged to maintain the 9-foot navigation channel. Dredging was accomplished
at these sites with the 20-inch hydraulic dredge WILLIAM A. THOMPSON. In all
cases, disposal of the dredged material occurred in confined on-land disposal
areas, with a drop structure and culvert(s) to allow for the return of effluent.
Pertinent information on the specific dredging and disposal operations is
summarized in Table 15.

SAMPLE COLLECTION AND ANALYSIS

Water samples were collected by hand from the outlet end of the effluent pipe.
In some cases where a flexible end was used on the effluent Pipe, it was
impossible to collect the samples directly from the pipe; therefore, they
were collected near the inlet end of the pipe. All samples were chilled and
sent to the laboratory for analysis. It should be noted that pH and conductiv-
ity were measured in the laboratory after aprroximately 2 days of shelf time.
All laboratory analyses were performed by the U.S. Geological Survey Laboratory
in Atlanta, Georgia, according to Skougstad et al., 1979.

RESULTS

EFFLUENT QUALITY

The Read's Landing dredging was conducted from 26 May to 15 June 1979. Effluents
were generated from the disposal area on only 2 of the days of dredging, 8 and
9 June. Suspended solids (mg/I), turbidity (NTU), pH, and specific conductivity
had mean values from the 2 days of sampling of 61, 28, 76, and 334, respectively

4' (Appendix Table A14).

The Crats Island dredge cut was dredged from 16 June to 28 June 1979. Because
of the large size of the disposal area and the coarse nature of the dredged
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materialwhich allowed seepage through the berms, no effluents were generated
at this site.

The Fisher Island dredge cut was dredged from 29 June to 11 July 1979. Disposal
of the material occurred in two containment areas. Initially, the dredged
material was placed in the Lost Island disposal area (river mile 745.4)
located along the left descending bank. No effluent pipe was used at this
disposal site because it was felt that with the large disposal area available,
sufficient seepage through the berm would occur. Unfortunately, sufficient
seepage through the berm did not occur and a blowout of the berm occurred.
The remainder of the material to be dredged was then placed in the Fisher
Island disposal area (river mile 745.7) located on the right descending bank.
Effluent was generated at the Fisher Island disposal area for 2 days. Mean
values from the 2 days of sampling for suspended solids (mg/I), turbidity (NTU),
p1l, and specific conductivity were 60, 32, 7.8, and 406, respectively (Appendix
Table A14).

At the St. Paul Barge Terminal historical dredge site, two dredge cuts were

dredged from 7 July to 6 August 1979. Effluent generated from the disposal
area was monitored for 10 days. The effluent data show dramatic differences
between the two dredge cuts. Samples collected prior to 26 July 1979, when
the first dredge cut was dredged, had generally much lower turbidity and suspended
solids values than samples collected after 26 July 1979, when the second dredge

cut was dredged. Samples collected when the first dredge cut was dredged had
mean suspended solids (mg/l), turbidity (NTU), pH, and specific conductance of
316, 109, 7.4, and 577, respectively (Appendix Table A14). Samples collected

when the second dredge cut was dredged had mean suspended solids (ng/l), tur-

bidity (ATU), pH, and specific conductivity of 33,406, 1,027, 7.0, and 794,

respectively. A possible reason for the dramatic differences is that the secona

dredge cut was located farther on the inside of the bend and closer to the

river bank, and subsequently may have had finer bottom sediments.

Dredging at Mule Bend was conducted from 7 August to 15 August 1979. Effluent

was generated for 3 days. However, due tu problems within the laboratory, only
one sample from the 3 days of effluent was analyzed. Suspended solids (mg/l),
turbidity (NTIT), pH, and specific conductivity had values from the 1 day of
sampling of 61, 30, 8.1, and 402, respectively (Appendix Table A14).

Dredging at Teepeota Point was conducted from 16 August to 25 August 1979.

Effluent was generated for 5 days at this site. Suspended solids (mg/l), pH,
and specific conductivity had mean values from the 5 days of sampling of 64,
7.9, and 465, respectively (Appendix Table A14). Turbidity was not analyzed
because of problems in the laboratory. It should be noted that prior to the
Teepeota Point dredging job, major emphasis was placed on maximizing the reten-
tion time in the disposal area to create a better quality effluent. But at
Teepeota Point and Below West Newton, because of the berm blowout at the Lost
Island disposal area and the severe berm sloughing occurring at the Read's
Landing disposal area, major emphasis was placed on preventing berm failure,
and the retention time was reduced to approximately 2 hours.

Dredging at Below West Newton was initiated on 26 August 1979 and completed

on 31 August 1979. Effluent was generated on all 5 days of dredging. The
water samples collected at this site were lost, either in shipment or at the
laboratory. Some data were obtained, however, because a turbidity and suspended
solids study was conducted at the site (see pages 47 through 56). The one day of
monitoring, 30 August 1979, had mean turbidity and suspended solids values of
633 NTU and 1,271 mg/l, respectively, from the effluent pipe (Appendix Table All).
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Effluents from the Read's Landing, Fisher Island, Mule Bend, and Teepeota Point
disposal areas were generally silmilai in quality. Mean suspended solids con-
centrations and turbidity values in the effluents from these four sites ranged
from 60 to 64 mg/l and 28 to 32 NTU, respectively (Appendix Table A14). At
the Teepeota disposal area, water quality effects of the effluents from the
disposal areas were also monitored (see pages 33 through 48). Because the
effluents at the other three disposal areas were of similar quality, it is
likely that generally similar water quality effects would be observed at these
sites. However, hydraulic characteristics, influencing dilution and mixing
and ambient levels may have also greatly influenced water quality effects at
these three sites.

It is interesting to note that at the Read's Landing, Fisher Island, and Mule
Bend sites, major emphasis was placed on ponding to increase retention time,
and at the Teepeota Point site, major emphasis was placed on reducing ponding to
prevent berm failure, yet the effluent quality was similar at the four sites.
It appears that the coarse material settles out quickly in the disposal areas,
but finer material remains in suspension due to the constant agitation of the
material by the nearly continuous dredging operation. Unless quiescent or
near-quiescent conditions can be established in the disposal areas, the effluent
quality may not improve beyond a certain point. Quiescent or near-quiescent
conditions are not likely to be achieved with existing disposal practices or
size constraints of the disposal areas. However, an important point about
ponding the water in the disposal areas is that it appears to reduce the number
of days of effluent generation.

The effluents from the Below West Newton and St. Paul Barge Terminal sites were
of much lower quality than the effluents from the other sites used in 1979.
Water quality monitoring studies were conducted at both of these sites. Both
studies indicated that the effluents caused only minor water quality effects
(see earlier sections for further discussion). However, it should be noted
that at the St. Paul Barge Terminal, effluent quality varied greatly, especially
depending on whether the first or second dredge cut was dredged. Therefore,
the water quality effects may have been greater or less than what was indicated
by the monitoring study at the St. Paul Barge Terminal, depending on which day
the studies were conducted.

Comparison to State Effluent Standards. In all samples collected from the six
disposal areas, pH was well within MPCA effluent standards for the range of
acceptable pH (WPC 15). Turbidity and suspended solids exceeded MPCA effluent
standards of 25 NTU and 30 mg/l (WPC 15) in all samples collected from the six
disposal areas that generated effluent.

SU124ARY

In 1979, seven dredging sites on the Upper Mississippi River were hydraulically
dredged to maintain the 9-foot navigation channel. Disposal of the dredged
material occurred in confined on-land disposal areas, with a drop structure
and culvert(s) to allow for the return of effluent. At all but one of the seven
sites, effluents were generated.

Effluents from the Read's Landing, Fisher Island, Mule Bend, and Teepeota Point
disposal areas were generally similar in quality. Mean suspended solids concen-
trations and turbidity values in the effluents from these four sites ranged from
60 to 64 mg/I and 28 to 32 NTU, respectively. The effluents from the Below
West Newton and St. Paul Barge Terminal sites were of lower quality than the
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other sites. rhe Below West Newton site had mean turbidity and suspended
solids values in the effluent of 633 NTU and 1,271 mg/l, respectively. Two
dredge cuts were dredged at the St. Paul Barge Terminal in 1979. Effluents
generated when the first dredge cut was dredged had mean turbidity and sus-
pended solids values of 109 NTU and 316 mg/l, respectively. Effluents gen-
erated when the second dredge cut was dredged had mean turbidity and suspended
solids values of 1,027 NTU and 33,456 mg/l, respectively.

Attempts to maximize ponding and retention times within the disposal area
reduced the number of days that effluents were generated. However, it would
appear that because of the size constraints of the existing disposal area, a
quiescent condition--which would allow for the setting of the finer material--
cannot be achieved. Therefore, effluent quality may not improve beyond a
certain point with existing dredging and disposal methods.

Values for pH in all effluent samples collected from the various disposal areas
were within the range of applicable Minnesota State effluent standards. Turbid-
ity and suspended solids exceeded Minnesota State effluent standards in all
samples collected.

CONCLUSIONS

In 1977, bermed on-land containment areas for the disposal of dredged material
were developed at various locations along the Upper Mississippi River, as pilot
studies. The purposes of the containment areas were to restrain the dredged
material to the smallest area practicable, and to maximize effluent quality and
subsequently minimize water quality impacts of disposal of the dredged
materials. In 1979, the effluents from these containment areas were monitored
to assess the efficacy of these areas in reducing water quality effects of the
disposal of dredged material. Ponding in these containment areas served to
reduce the number of days of effluent generation. Effluents from the six
sites dredged in 1979 that generated effluent contained pH levels within the
range of Minnesota State effluent standards, but turbidity and suspended solids
exceeded State effluent standards in all samples. The bermed containment areas
probably served to improve effluent quality over the use of unrestrained dis-
posal alternatives. However it appears that, given the size constraints of
the available disposal areas and with continued use of present disposal methods,
effluents from these containment areas will continue to exceed applicable effluent
standards for turbidity and suspended solids.
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1979 BOTTOM SEDIMENT RECONNAISSANCE

INTRODUCTION

During the 1979 maintenance dredging season, a bottom sediment reconnaissance

was conducted for the navigation portions of the Upper Mississippi and Minnesota

Rivers. The reconnaissance consisted of analyzing bottom sediments from selected
dredge sites for both physical and chemical parameters.

When bottom sediment sampling was conducted prior to 1979, some sites

in the St. Paul District could not be sampled, particularly those of low dredg-

ing frequency. Data were therefore not available for several sites in the District.

The objective of the 1979 reconnaissance was to provide up-to-date data for some

of these dredge sites. Data on sediments obtained in this reconnaissance will be

useful in the development of appropriate dredged material management plans.

METHODS

EXPERIMENTAL DESIGN

Sites were selected from a list of all historical sites in the District.

Those sites for which no current data were available and which possessed a dredging

frequency greater than 10 percent were given higher priority. In addition,

small and commercial boat harbors were given a high priority. Sites selected

ranged in location from Pool 3 to Pool 10 of the M4ississippi, and one Minnesota

River site was sampled (Table 16). Sites located upstream of L/D 2 at ;lastings,

Minnesota, on the Upper Mississippi River were not included in this reconnaissance

effort.

In order to obtain a representative cross-section of the data for the site,

samples of both fine and coarse sediments were taken from each selected dredge

site. At each site, a small Ponar grab was used to locate the areas of fine

and coarse material within the cut. Samples were then taken in each represen-

tative area. Where sediments were found to be uniform, samples were taken from

the upper and lower areas of the dredge cut on a random basis.

Samples for analysis were collected with a modified 9-in. X 9-in. Ponar

grab sampler (an unplated grab, painted with a special non-contaminating paint

and fitted with a fine stainless steel screen). Samples were composites of

two or three grabs taken from within a 10-foot (diameter) area of river bottom.

All sediment samples were analyzed for particle size, settleability, and

bulk chemical constituents. Samples were chilled and shipped to the laboratory

as soon after collection as possible.
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Table 16.1979 Bottom Sediment Reconnaissance on the Upper Mississippi and Minne-
sota Rivers

River Dredging Site
Name of Dredge Cut Pool No. Mile Frequency Length

Above and Below Cargil. Mn. R. 13.2 25% 0.8 mile
Hastings Small Boat Harbor 3 813 - -
Truedale Slough 3 808 22 1.6
Red Wing Commercial Boat Harbor 4 791 - -

Red Wing Small Boat Harbor 4 791 - -

Alma Small Boat Harbor 4 754 - -

Lower Approach L/D 4 5 752 26 0.2
Mule Bend 5 749 26 1.0
Below West Newton 5 746 57 0.8
Lower Zumbro 5 744.2 57 0.6
Mt. Vernon Light 5 741.5 13 0.4
Fountain City 5A 733.5 22 0.5
Winona Small Boat Harbor 6 726 - -
Winona Commercial Boat Harbor 6 726 - -

Head of Richmond Island 7 712.7 13 0.3
Above & Below La Crosse Railroad
Bridge 8 699.9 22 0.9
Jackson Island 10 644.3 26 1.0

4.6

1,
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ANALY TI CAL METHODS

Particle Size. Particle size analysis was conducted on all bottom sediment
samples by mechanical aikd hydrometer methods. The analyses were conducted

by the U.S. Army Corps of Engineers, Missouri River Division Laboratory,
Soils Testing Laboratory in Omaha, Nebraska, according to procedures described
in ER 1110-1-8100.

Settleability. Settleability tests were conducted on all sediment samples
by the U.S. Army Corps of Engineers, Kissouri River Division Laboratory in Omaha,
Nebraska. One-thousand ml slurries were prepared in a graduated cylinder by

agitating a 20 percent solids and river water mixture for 10 minutes. The 4:1
ratio of water to soil was determined by the following computation:

Where VT = total volume
Ww = weight of water

VT = 1,000 ml - Ww Ws Gw = Sp. gravity of water
Ow Gs Ws = weight of soil

Gs = Sp. gravity of soil

For the above calculation, specific gravity tests were run as necessary to
establisn appropriate values for each sediment type.

Water samples were then withdrawn from the slurry with a suction bulb, at
the following intervals: 0, 2, 4, 6, 24, 48, 96, and 192 hours or until a con-
centration of 30 mg/1 suspended solids was attained. One 25 ml sample per time

interval was withdrawn (5 cm below the surface) for both turbidity and suspended
solids analyses.

Bulk Chemical Analysis. Bulk chemical analysis of sediments was conducted
by the U.S. Geological Suirvev Laboratory in Atlanta, Georgia. The bulk chemical
analyses were conducted according to methods described by Skougstad et al. (1979), and
Goerlitz and Brown (1972).
RESULTS

GENERAL

A bottom sediment reconnaissance was also conducted during the 1978 dredging
season (Anderson et al., 1979). The overall objective of the 1979 study was to

provide current data to assist in the development of appropriate dredged material

management plans.

In the ensuing presentation and discussion of the results, comparisons are
made between the 2 years of sampling. However, some important differences
exist between the 1978 and 1979 studies and are noted in the following dis-

cussion. Pools 1 and 2 were not sampled at all in the 1979 study. No boat
harbors were sampled during the 1978 study. Some sections of the following
discussion draw comparisons between the 1978 and 1979 studies (specifically,
main channel sites in Pools 3 through 8). Boat harbors and Pools 1 and 2 are
not included in the latter type of comparison.
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C HLORINATFD HYDROCARBONS AND OTHER BIOCIDES

Analysis for several different chlorinated hydrocarbons and other biocides

was conducted on sediments in the 1979 study. Site specific data for the con-
stituents discussed below can be found in Appendix Table A15.

Aldrin, chlordane, DDD, DDE, DDT, dieldrin, endosulfan, endrin, heptaciilorepoxide,

heptachior, lindane, mirex, PCN, perthane, and toxaphene were all found to be
below detection limits in all main channel sites in Pools 3 through 8 in both the

1978 and 1979 studies.

Chlordane, DDD, DDE, DDT, dieldrin, and polychlorinated biphenyls (PCB's) were

detected in sediments from at least one site in 1979. These same parameters, plus

endrin, were also found in at least one site in the 1978 study.

PC3's were the most prevalent contaminant, appearing in nine different sample

locations in 1979. Of the nine sites where PCB's were found, six were boat har-

bors. The harbors also had the highest levels of PC 3's, ranging from 13 ug/kg

to 82 ug/kg. The remaining three sites, which consisted of main channel sites, did
not ex:ceed 3 ug/kg PCB's.

The harbors also accounted for all the pesticide constituents found in the

1979 bottom sediment study. No pesticides were found in any other sites sampled
in 1979.

The Red Wing Small Boat Harbor was the only harbor that contained all five
pesticides that were found in 1979. This harbor also had the highest detected
levels for four of the five pesticides found in the study. It should be noted

that the harbors, which have the most contaminants, also have the highest percent-
ages of fine material. Barring the influence of the proximity of a point

ot non-point source of contaminants, it has been demonstrated that contaminants tend
to associate with the finer sediments (GREAT I WQWG, 1978). This principle holds

true for several other constituents to be discussed later.

METALS, NUTRIENTS AND HISCELLANEOUS

Site-specific data for the metal and nutrient constituents analyzed

during the 1979 study can be found in Appendix A16. The reader should take

note of the levels of NH4 nitrogen found in this table. These levels are,

in many cases, several times greater than those usually encountered on the

UMR. The laboratory was contacted relative to this apparent discrepancy.

Investigation disclosed an error in computation, rather than in the analysis.

This computational error was subsequently corrected. Still, the levels of

N114 nitrogen seem elevated. The reader should be mindful of this and shouild

view the levels of NH4 with caution.

Metals. Cyanid and mercury were not found above detection levels in any

of the sites sampleu in the 1979 study. Cyanide was not found below Pool 2

in the 1978 study. All samples from 1978 and 1979 contained less than 10 ug/g

of cadmium. Arsenic was found in levels above zero in only four samples. Of

the four sites in which arsenic was found, three were boat harbors. The range of

arsenic levels, for all samples, was from 0 ug/g to 6 ug/g in 1979. Arsenic was

not detected below Pool 2 in 1978.
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In 1979, chromium values ranged from less than 10 ug/g to 60 ug/g. Only
four samples in 1979 had chromium levels of -reater than 10 ug/g and all
were from the boat harbor sites. Only two sites sampled below Pool 2 had
chromium levels above 10 ug/g in 1978.

Copper was detected in levels above 10 ug/g in five sites in 1979. Of these
five sites, four were boat harbors. Copper levels in 1979 ranged from less than
10 ug/g to 30 ug/g. No sites in the 1978 study below Pool 2 exceeded 10 ug/g for
copper.

Six of the 27 sample sites in the 1979 study contained lead in excess of 10
ug/g. Five of these six sites were boat harbors and one was in the Minnesota
River. Lead levels ranged from less than 10 ug/1 to 60 ug/l. One of the
mechanisms of lead entering the environment is from the internal combustion engine.

Lead is carried by rain and meltwater, via storm sewers, to the aquatic environ-
ment. Powerboats can also introduce lead directly, as in boat harbors. These
lead sources, plus fine sediment and little or no current, offer an explanation

for elevated lead levels in several boat harbors.

Barium, iron, manganese, nickel, and zinc are ubiquitous; they were found
in all the 1979 samples. Barium levels ranged from 20 ug/g to 170 ug/g. Nine
of the 27 sites had barium levels greater than 30 ug/g. Iron levels ranged from
2,100 ug/g to 21,000 ug/g. Manganese levels ranged from 100 ug/g to 1,200 ug/g.
Levels of zinc ranged from less than 10 ug/g to 110 ug/g. Barium, manganese, iron,
and zinc are naturally occurring and relatively abundant on the Upper Mississippi
River. All except zinc are relatively nontoxic to man and aquatic organisms.
Manganese, iron, and zinc are essential trace nutrients (EPA, 1976). Nickel levels
ranged from less than 10 ug/g to 20 ug/g. Seven of 27 sites had greater than 10
ug/g nickel. In 1978, sites below Pool 2 showed similar ranges for these five metal
constituents.

Chemical Oxygen Demand (COD) and Residue Lost on Ignition (LOI). COD varied
considerably in the 1979 study. Levels for COD ranged from 550 mg/kg to 180,000
mg/kg. All six boat harbors and one site in the Minnesota River had levels of COD
greater than 20,000 mg/kg. All other sites had levels less than 10,000 mg/kg, all
but three of which were below 4,000 mg/kg COD. In 1978, sites below Pool 2 ranged

from 120 mg/kg to 15,000 mg/kg COD.

Levels for residue (LOI) ranged from 2,230 mg/kg to 93,700 mg/kg in 1979.
Eight out of 27 sites had levels greater than 10,000 mg/kg.

Nutrients. Kjeldahl nitrogen levels for samples in the 1979 study ranged from
120 mg/kg to 9,700 mg/kg. The range in values was generally lower below Pool 2 in
1978, ranging from 22 mg/kg to 1,200 mg/kg. Generally, although some exceptions
occurred, those sediments with higher percentages of fine material had higher levels
of Kjeldahl nitrogen.
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Total phosphorus concentrations ranged from 38 ug/g to 1,300 ug/g in 1979.
All of the boat harbors and both sites in the Minnesota River had total phos-
Pnorus levels ia excess of 400 ug/g. All sites in the Mississippi River main
channel had levels less tnan 300 ug/g. Sites below Pool 2 in the 1978 study
had total phosphorus levels ranging from 14 ug/g to 960 ug/g. In 1978, only
five sites below Pool 2 (out of 35 total sites) had total phosphorus levels in

excess of 300 ug/g.

PARTICLE SIZE

Particle size analysis showed that the sediment studies in 1979 differed

considerably between Mississippi River main channel sites and the Minnesota
River and boat harbor sites (Appendix Table A17). The samples from sites within

the main channel of the Mississippi River were coarse and would be classified as

almost totally sand. Higher percentages of fine material were found in all of

the boat harbors and in the Minnesota River samples. These samples has a range

of 12 percent to 98 percent fine material. Of all the Mississippi River main

channel samples, only two were composed of greater than 5 percent fine material.

These samples had a range of fine material composition from 1 percent to 13

percent.

For 1979, the samples with high percentages of fine material were also those
with the highest levels of contaminants. Pesticides were found in detectable
levels only in the boat harbor samples. The levelc of PCB's were also higher
in the boat harbors when compared to other sites in 1979.

None of the sediments studied in 1979 were composed of material in the gravel-
size range. All sediments were composed of material less than 3/8-inch in size.

SETTLEABILITY

Results of settleability tests can be used to predict the levels of tur-
bidity and suspended solids at the point of discharge of a hydraulic dredging
operation. The maximum turbidity and suspended solids generation potential
of a particular sediment can be approximated by the initial concentration
after agitation of the sediment/ambient water mixture.

Turbidity and suspended solids exhibited similar trends in 1979. Turbidity
and suspended solids initial levels raa-, I Er,,i ?'6 FTU to 18,400 FTU and 292 mg/i
to 270,788 mg/l, respectively (Appendix Tables A18 and A19). Nine sites had initial
turbidity values of greater than 1,200 FTU. All of these nine sites were composed
of greater than 9 percent fine material, and eight of these sites were above 12
percent fines. Fourteen sites had initial turbiditv levels of less than 90 FTU.
All fourteen of these sites has 3 percent or less fine material.

Six sites had initial suspended solids levels of greater than 40,000 mg/l.
Of these six sites, five were composed of greater than 25 percent fine material.
Fourteen sites had initial values for suspended solids less than 1,000 mg/l. All
of these fourteen sites had 3 percent or less fine material.

Thirteen sites had both initial turbidity levels less than 90 FTU and initial
suspended solids levels less than 1,000 mg/l.

Samples followed a general trend toward high initial levels of turbidity and
suspended solids with higher percentages of fine material, and correspondingly,
lower initial levels of turbidity and suspended solids with low percentages of
fine material.
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SUMMARY OF FINDINGS 1979

Pesticides and PCB's were found to be associated with fine sediments.
Those samples, especially from the boat harbors, with high percentages of fine
material had comparatively high levels of pesticides and PCB's.

Generally, boat harbors were found to be higher in concentrations of
several metal constituents. Arsenic, chromium, copper, and lead were found more
commonly in boat harbors than in other main channel samples.

Barium, iron, manganese, nickel, and zinc were found in all samples.
Barium, iron, manganese, and zinc are naturally occurring metals, however.

High COD levels were associated with high concentrations of fine material.
The seven sites with the highest percentages of fine material all exceeded 20,000
mg/l COD.

All sites sampled from the Mississippi River main channel had total phos-
phorus levels less than 300 ug/g. All other sites exceeded 400 ug/g.

Particle size analysis indicated that most sediment from the Mississippi
River main channel would be classified as sand. Fine material was found in these
samples only in low levels. The boat harbor sediments were considerably higher
in percentages of fine material. The boat harbor sediments accounted for all
the pesticides detected and had high levels of several other chemical parameters.

Initial turbidity and suspended solids levels in the settleability tests
correspond well with the amount of fine material present. Nine sites, all with
greater than 9-percent fine material, had initial turbidity levels greater than
1,200 FTU. Six sites, five of which were greater than 25 percent fine material,
had initial suspended solids levels of more than 40,000 mg/l.

72



REFERENCES

Anderi, W.R. 1978. Minnesota Pollution Control Agency. Personal communication.

Anderson, D.D.; R.J. Whiting; and B. Jackson. 1979. "An Assessment of Water

Qualitv Impacts of Maintenance Dredging on the Upper Mississippi 
River

for 1978." U.S. Army Corps of Engineers, Army Engineer District, St.

Paul.

Clatlin, T.o. 1976. "Resuspension of Sediments due to Pydraulic lDredging, Silt

Screen, Polymers." MimeograpLied Report to St. Paul District, U.S. Army
Corps of Engineers, St. Paul, Ainnesota.

Goerlitz, D.F., and E. Brown. 1972. "Methods for Analysis of Organic
Substances in Water." Chapter A3, Book 5. United States Government
Printing Office, Washington, D.C.

G;reat River Eavironinental Action Team I - Water Quality Work Group. 1978a. "A
Pilot Study on Effects of Hydraulic Dredging and Disposal on Water Quality
of the Upper Mississippi River (July 1976)." Published by the U.S. Army
Corps of Engineers, St. Paul, Minnesota.

Great River Environmental Action Team I - Water Quality Work Group. 1978b.
"Effects of Clamshell (Mechanical) Dredging and Disposal on Water Quality
of the Upper Mississippi River." Published by U.S. Army Corps of Engineers,
St. Paul, Minnesota.

Great River Environmental Action Team I - Water Quality Work Group. 1979.
"Final Report to GREAT I Team."

Grimes, D.J. 1975. "Release of Sediment-bound Fecal Coliforms by Dredging."
Applied Microbiology 29(l) :109-111.

Held, J.W. 1978. "Environmental Impact of Dredged Material Disposal on the
Upper Mississippi River at Crosby Slough." U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi. DMRP Miscellaneous Paper
D-78-2.

Lee, G. Fred. 1977. "Corps of Engineers Criteria Project on Upper Mississippi
River (Grey Cloud Slough Dredging Operation)." 1iimeographed report to the
U.S. Army Corps of Engineers Waterways Experiment Station. Institute for
Environmental Sciences, University of Texas at Dallas.

Marking, L.L., and T.D. Bills. 1977. "Acute Effects of Silt and Sand Sedimenta-
tion on Freshwater Mussels." A study conducted for the St. Paul District,
Corps of Engineers by the U.S. Fish and Wildlife Service, Fish Control
Laboratory in La Crosse, Wisconsin.

McHenry, J.R., and Ritcnie, J.C. 1976. "Sedimentation of Fines in Pools and
Backwater Lakes of Lock and Dam No. 4 through No. 10 on the Upper Missis-
sippi River." Sedimentation Laboratory, Oxford, Mississippi. Contract
report submitted to Great River Environmental Action Tt im (GREAT) I -

Sediment Erosion Work Group.

Minnesota Pollution Control Agency. 1975a. "Investigation of the U.S.C.E. Dredg-
ing Operation on the Mississippi River at Richmond Island - August 1, 1975."
Division of Water Quality, Section of Surface and Groundwaters. MPCA,
Roseville, Minnesota.

73



Minnesota Pollution Control Agency. 1975b. "Investigation of the U.S.C.E.
Dredging Operations on the Mississippi River at Grey Cloud Island -
September 10, 1975." Division of Water Quality, Section of Surface and
Groundwaters, MPCA, Roseville, Minnesota.

Minnesota Pollution Control Agency. 1978. "Minnesota Lakes and Streams." A
Compilation of Analytical Data for 1970-1975. Volume 8, Two Parts.

Minnesota Pollution Control Agency. 1978. "Minnesota Lakes and Streams." A
Compilation of Analytical Data for October 1975 - September 1977. Volume
1.

Peddicord, R., H. Tatem, A. Gibson, and S. Pedron. 1980. "biological Assessment
of Upper Mississippi River Sediments." U.S. Army Engineers Waterway
Experiment Station, Vicksburg, Mississippi. Miscellaneous Paper EL-80.

Skougstad, M.W., M.J. Fishman, L.C. Friedman, D.E. Erdmann and S.J. Duncan
(Editors). 1979. "Methods for Determination of Inorganic Substances
in Water and Fluvial Sediments." Chapter Al, Book 5. United States
Government Printing Office, Washington, D.C.

U.S. Army Corps of Engineers, Army Engineer District, St. Paul, Minnesota.
1973. "Final Environmental Impact Assessment of the Northern Section
of the Upper Mississippi River - Pool 2." Prepared by North Star Research
Institute, Minneapolis, Minnesota.

U.S. Army Corps of Engineers, Army Engineer District, St. Paul. 1974. "Final
Environmental Impact Statement: Operation and Maintenance, 9-foot Naviga-
tion Channel, Upper Mississippi River, Head of Navigation to Guttenberg,
Iowa." St. Paul, Minnesota. Two Volumes.

74



APPENqDIX A: RAW DATA



APPENDIX TABLES
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Site.

Table A9. Turbidity and Suspended Solids Monitoring at the Teepeota Dredge
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Table Al7. 1979 Particle Size Analysis of Sediments from Selected Dredging Sites
on the Upper Mississippi River.

Table A18. 1979 Settleability (as measured by Turbidity) of 4 to 1 Mixtures of
Upper Mississippi River Water and Sediments from Selected Dredging Sites
on the Upper Mississippi River.

Table A19. 1979 Settleability (as measured by Suspended Solids) of a 4 to 1
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Table Al. Particle Size Analysis of Sediments from the Five Dredging Sites Where
Water Quality Monitoring Studies Were Conducted in 1979.

Grading Cumulative Percent Finer (U. S. Standard Sieve Sizes)
Dredging Site Sampling Fines Sands Gravel

(River mile) SiteI  200 mm 100mm 40 mm 10 mm 4 mm 1 inch

St. Paul Barge Ter-
minal #1 4 13 63 97 100
(R.M. 837.5) #2 2 8 90 100

#3 5 13 82 100
#4 6 16 73 96 98 100

Below West Newton 3 #1 0 1 9 67 77 100

(R.M. 746.5) #2 0 1 11 88 100
#3 0 1 9 87 98 100

Above Lake Street 3 #1 3.4 6 52 95 100

(R.M. 850.2) #2 3.4 7 89 100
#3 3.3 8 90 98 100

Island 584 #1 1 2 42 99 100
(R.M. 734.2) #2 0 2 38 99 100

#3 0 2 46 100 100

Teepeota Point #1 1 3 46 96 100
(R.M. 757.8) #2 2 4 48 97 100

#3 1 2 50 99 100

#4 1 2 68 99 100

1. These identification numbers correspond to location numbers in Tables A2 6 A3.

2. Analysis performed by Barr Engineering Co., Minneapolis, MN.

3. Analysis performed by Brown Engineering Testing.

4. Analysis performed by Missouri River Division, Corps of Engineers, Omaha,
Nebraska.
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Table A2. Settle~bility (as Measured by Turbidity) of 4 to 1 Mixtures of Upper Missis-
sippi River Water and Sediments from the Five Dredging Sites Where Water

Quality Monitoring Studies Were Conducted in 1979.

Turbidity (NTU)
Time After Agitation (Hours)

Dredge Site Sample Number1  0 1/4 1/2 3/4 1 1-1/2 2 4 8 24 48 72

St. Paul Barge Ter- 1 300 300 250 200 150 60
minal2  2 400 400 275 200 175 65

Below West Newton 2  1 166 64 42 30 24
2 104 37 21 14 14

3 126 34 33 26 21

Above Lake Street 3  1 50 41 37 35 30
2 35 28 21
3 30 20 18

Island 583 1 8
2 7
3 10

Teepeota Point4  1 82.5 30 25 23 17 11
2 20 12 9 8 12 6.2 5.5

IThese identification numbers correspond to location numbers in Tables Al and A3.

2Analysis conducted by Serco Laboratories, Inc., Roseville, Minnesota.

3Analysis conducted by Environmental Protection Lab, St. Cloud, Minnesota.

4Analysis conducted by Missouri River Division, Corps of Engineers, Omaha, Nebraska
(values are in FTU).
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Table A3. Settleability (as Measured by Suspended Solids) of 4 to I Mixtures of Upper
Mississippi River Water and Sediments from the Five Dredging Sites Where
Water Quality Monitoring Studies Were Conducted in 1979.

Suspended Solids (mg/1)
Time (Hours)

Dredge Site Sample Number1  0 1/4 1/2 3/4 1 1-1/2 2 4 8 24 48

St. Paul Rarge
Terminal 2  1 3,790 720 264 132 72 20

2 10,230 750 472 220 88 24

Below West Newton3  1 636 184 128 48 32
2 316 124 76 16 15
3 456 104 92 37 68

Above Lake Street3  1 904 204 172 150 134
2 632 136 44
3 780 104 24

Teepeota Point4  1 740 100 80 140 44 0
2 260 156 130 220 196 200

iThese identification numbers correspond to location numbers in Tables Al and A2.

2Analysis conducted by Serco Laboratories Inc., Roseville, Minnesota.

3Analysis conducted by Environmental Protection Lab, St. Cloud, Minnesota.

4Analysis conducted by Missouri River Division, Corps of Engineers, Omaha, Nebraska.
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Table A4. Turbidity and Suspended Solids Data from Samples Collected Before
Dredging at the St. Paul Barge Terminal (BT) Dredge Site. Samples Collected
By Corps of Engineers and Analyzed by USGS.

Turb idity Sus pended
Site Date pH , NTU) Solids mg/l

BT-l 3 July 7.8 25 76
BT-2 3 July 7.8 25 85
BT-3 5 July 7.8 20 73
BT-4 5 July 7.9 20 70
BT-5 6 July 7.8 25 76
BT-6 6 July 7.9 25 89
BT-7 10 July 7.8 15 57
BT-8 10 July 7.8 20 64
BT-9 16 July 7.9 25 84
BT-10 16 July 7.9 20 75

Table A5. Turbidity and Suspended Solids Data from Background Samples Collected
After Dredging Operations at St. Paul Barge Terminal. Samples Collected
by Corps of Engineers and Analyzed by Serco, Inc., 13 August 1979.

Turbidity Suspended Turbidity Suspended
Site (NTU) Solids (mg/i) Site (NTU)_ Solidsmg/lI)

BKGD BT-I 42 136 BKGD BT-6 45 149
BKGD BT-2 40 128 BKGD BT-7 47 143
BKGD BT-3 40 117 BKGD BT-8 47 144
BKGD BT-4 42 128 BKGD BT-9 40 119
BKGD BT-5 45 154 BKGD BT-10 42 144
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Table A6. Turbidity and Suspended Solids for Run #1 and Run #2 of Phase I of the
Water Quality Monitoring at the St. Paul Barge Terminal Dredge Site.
Samples Collected 26 July 1979 by Corps of Engineers and Analyzed by
Serco, Inc.

RUN #1
Turbidity Suspended

Site (NTU) Solids (mg/l)

Loc. 11 E 38 124
ME 40 114
MW 50 136

W 75 308
EP-E 20,000" 220,000*

EP-W 20,000 2009000

Loc. 12 E 30 73
ME 80 320
MW 40 126
W 30 86

Loc. 13 E 75 280
ME 75 334 RUN #2
M1 70 244 Turbidity Suspended

W 55 198 (NTU) Solids(mg/1)

Loc. 14 E 60 218 45 168
ME 70 224 40 121
MW 75 264 62 194
W 65 254 30 65

Loc. 15 E 45 160 55 206
ME 53 158 45 128
MW 70 384 57 170

W 55 190 48 136

Loc. 16 E 93 568 60 218
ME 52 178 53 176
MW 55 208 55 186
W 35 93 50 158

Loc. 17 E 65 240 53 176
ME 40 124 50 160

M4W 45 150 50 164
W 28 64 40 114

* Sample taken directly from effluent pipe.

Turbidity diluted 1:100 with de-lonized water.

A-7



F AD A109 983 CORPS OP ENGINEER S ST PAUL MN ST PAUL DISTRICT F/G 13/2
AN ASSESMENT OF WATER QUALITY IMPACTS OF MAINTENANCE DREDGING --ETC(U)
OCT 81 SO ANDERSON, A WHITING , J NOSEK

UNCLASSIFIED NL,

2



~ H 28 11251

IIll ,8
liIIt 1.25 lhl I .,

jj , H MU.. . . ,; , . .



Table A7. Monitoring of Selected Water Quality Parameters (Phase II) at the St. Paul
Barge Terminal Dredge Site (25 July 1979).

z -n

S+ + R

0 ~4 0

1-Z,-A 1 13 8 12 9 0.01 0.01 40 s0 178 0.00 0.0

I- a-B 1 12 6 12 9 0.00 0.00 30 so 1,z 0.00 0.0

1-B-0 5 12 6 12 7 0.01 0.01 30 50 162 0.00 0.0

i-W-A 0 13 4 4 8 10.01 0.01 20 52 164 0.00 0.0

1-W-B 0 8 6 3 8 0.08 0.10 20 48 144 0.00 0.0

1-W-0 0 21 3 3 8 0.01 0.01 40 s0 160 000 0.0

2-E 11 15 28 55 22 1.5 1.6 90 200 872 0.01 0.0

2-W 1 27 36 66 29 0.02 0.02 180 200 864 C.c0 0.1

3-E 0 10 6 14 9 0.06 0.07 20 47 149 0.00 0.0

3-W 2 21 24 41 18 0.99 1.2 90 172 615 0.00 0.1

4-E 1 12 4 12 10 0.06 0.07 20 53 156 0.00 0.0

4-W 1 9 17 23 15 0.73 0.88 50 12S 452 0.o0 0.0

5-E 8 12 5 14 11 - -- 30 55 174 0.00 0.C

5-W 0 14 3 13 10 0.01 0.01 30 45 122 0.00 0.0

6-E 0 9 4 11 12 0.04 0.05 10 50 164 0.30 00

6- - 1 16 7 16 12 0.06 0.07 40 65 204 0.00 0.0

7-2 0 15 7 17 11 0.04 0.05 50 51 174 0.00 0=-

7-W 8 16 -9 7 8 0.24 0.29 40 - . 0.00 0.0

7-A-. 0 16 4 12 11 0.02 0.02 40 45 144 0.00 0.0

_7-_A-'d 0 6 T 3 7 0.04 0.05 30 73 225 0.001 o.0

8-F,-A 0 18 4 10 12 0.03 0.04 3 50 146 0.00 0.0

0 14 4 11 10 0.02 0.02 20 53 1640.0
8-W-A 0 =I : 3 8 .111 -13 30 50 48 0. 0 o o,

8-W-B 2 5 7 4 13 0.05 0.06 30 55 184

1,11 values in microgram per literWL)aand are total cocentrations
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Table A8. Results of In Situ Bioassay Conducted at the Teepeota Dredge Site.

t Treatment:

Distance Exposure Time
(Feet) From Survival of Fat Head Minnows (Pimephales spp.)

Effluent Pipe 0 Hours 24 Hours 48 Hours 72 Hours

Control 50 49 49 39

100 50 50 48 46

400 50 50 50 44
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Table A9. Turbidity and Suspended Solids Monitoring at the Teepeota Dredge Site
(Analyses Performed by U.S. Geological Survey Laboratory, Atlanta, Georgia).

Sampling Site Turbidity Suspended Solids pH
and Distance From (NTU) (mg/i) Laboratory Conductivity
Dredge or Disposal Run I Run Run z -Run " Run z Run I Rum 2

Con - E 4.0 4.0 22 25 7.8 8.0 441 415
Con - M 4.0 4.0 16 25 7.9 8.0 498 481
Con - W 4.0 4.0 16 24 7.9 8.0 534 520
1 - E 100 4.0 4.0 10 10 7.9 8.0 464 492
1 - M 100 4.0 4.0 10 10 7.8 8.0 450 487
1 - W 100 5.0 4.0 9 22 7.9 8.0 524 484
2 - E 1,000 4.0 4.0 18 14 7.9 8.0 416 401
2 - M 1,000 4.0 5.0 14 12 7.9 8.0 483 456
2 - W 1,000 4.0 5.0 16 9 7.9 8.0 505 513
3 - E (100) 5.0 5.0 30 18 7.9 7.9 394 391
3 - M (100) 7.0 5.0 32 16 7.9 7.9 396 392
3 - W (100) 3.0 6.0 12 20 7.9 7.9 385 394
4 - E (200) 5.0 6.0 22 19 7.9 7.9 393 391
4 - M (200) 4.0 5.0 18 14 7.9 7.9 386 391
4 - W (200) 3.0 4.0 16 16 7.9 7.9 385 386
5 - E 400 8.0 5.0 105 16 7.8 7.9 391 391
5 - M 400 4.0 5.0 27 14 7.9 7.9 387 385
5 - W 400 4.0 4.0 24 50 7.9 7.9 391 385
6 - E 1,600 4.0 9.0 22 124 8.0 7.9 388 391
6 - M 1,600 4.0 4.0 22 26 8.0 8.0 394 394
6 - W 1,600 4.0 3.0 22 17 8.0 8.0 410 398
7 - E 3,200 5.0 4.0 20 12 8.0 8.0 455 485
7 - M 3,200 4.0 4.0 18 13 8.0 8.0 487 525
7 - W 3,200 5.0 4.0 17 10 8.0 8.0 529 512
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,. Table AlO. Monitoring of Selected Water Quality Parameters at the Teepeota Dredge Site
'k, (Analyses Conducted by U.S. Geological Survey Laboratory, Atlanta, Georgia).

0 Zu0  4,o , 0-

0 z 0n ~00

Sapln to _ lo. ~w o w
SiM 0. 0 -020. 0

Con-E-i 1 9 4 3 6 0.27* 7.8 8.2 8.5 22 441 22.0 4.0 10

Con-M-l 1 8 3 1 7 0.05 7.9 8.2 7.8 16 498 22.0 4.0 10
Con-W-1 7* 7 3 3 7 0.01 7.9 8.2 7.2 16 534 22.0 4.0 10
I-E-1 2 8 3 5 3 - 7.9 8.3 7.2 10 464 22.5 4.0 10
I-M- 0 10 4 4 4 - 7.8 8.2 7.4 10 450 22.5 4.0 10

1-W-l 0 8 6 3 5 - 7.9 7.4 6.8 9 524 22.5 5.01i0
EP-1 2 10 6 6 13 0.13 7.8 8.2 7.7 63 480 24.0 30.0 30
EP-2 1 9 6 6 12 0.17 7.8 8.2 7.7 69 480 24.0 30.0 30
3-E-1 1 9 3 2 2 0.10 7.9 8.2 7.8 30 394 22.5 5.0 10
3-4-1 2 8 5 6 7 0.11 7.9 8.2 7.8 32 396 22.5 7.0 10
3-W-1 1 8 5 6 4 0.08 7.9 8.3 7.7 12 385 22.0 3.0 10
5-E-1 1 8 6 6 6 0.08 7.8 8.3 7.5 105* 391 22.5 8.0 20
5-E-1 1 8 4 3 6 0.10 7.9 8.2 7.8 27 387 22.0 4.0 10

5-W-1 1 8 4 5 5 0.12 7.9 8.2 7.9 24 391 22.0 4.0 10

*Outlier values not considered in discussion of the results or in statistical analyses.
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Table All. Turbidity and Suspended Solids Data for Samples Collected at the Below West
Newton Dredge Site (Analyses Conducted by Environmental Protection Laboratory,
St. Cloud, Minnesota).

Sample Number and
Transect Distance (feet)
from Dredge (D) or Turbidity (NTU)* Total Suspended Solids (mg/1)
Effluent Pipe (EP) West Middle East West Middle East

RUN #1
1 Control 44 52 52 122 156 173
2 D 300 48 54 52 140 152 166

3 D 1,000 49.5 51 51 144 140 146
4 EP 200 54.5 55/53/54 51 148 154/174/160 163
5 EP 0 54.5 53 50 126 162 150
6 EP 100 52.5/52/52 54 53 146/156/152 144 165
7 EP 200 50 49 51 162 130 169
8 EP 400 53 48 50 120 130 143
9 EP 800 53 48 48 174 130 151
10 EP 1,600 52 46 57.5/52/52 126 144 150/156/159
11 EP 3,400 50 53 53 164 170 168

RUN #2
1 Control 52.5 52 43 192 146 140
2 D 300 58 54 46 186 168 166
3 D 1,000 55 54/54/53 47 144 160/170/182 156
4 EP200 49 52 54.5 162 152 166
5 EP 0 49/50/51 57 53.5 140/142/144 188 156
6 EP 100 73 53 51.5 270 148 168
7 EP 200 51 52.5 52 182 132 172
8 EP 400 56 53 52 180 142 180
9 EP 800 50 51 55/53/53 162 150 174/176/178
10 EP 1,600 50 46 52 232 138 162
11 EP 3,400 50 50 47 154 162 176

EFFLUENT PIPE #1
1 690 1,150
2 526 1, 3!,0

3 714 1,300

4 578/628/594 1,200/1,350

* Trinlicate analyses were run on annroximatelv every tenth samnle.
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Table A12. Turbidity and Suspended Solids Data for Samples Collected at the Above Lake
Street Dredge Site (Analyses Conducted by Environmental Protection Laboratory,

St. Cloud, Minnesota).

Sample Number
and Transect
Distance (feet) Turbidity (NTU) Total Suspended Solids (mg/I)
from Dredge West Middle East West Middle East

RUN #1
1 Control 5.3 5.1 5.0 14 12 10
2 100 6.0 5.8 5.4 34 24 20
3 200 5.5 5.5 5.3 34 18 2
4 400 5.4 5.4 5.3 8 24 6
5 800 5.5 5.3 5.1 12 16 8
6 1,600 5.8/5.8/6.0 4.8 4.8 10/8/8 22 8
7 3,200 4.7 4.7 4.8 12 16 8

RUN # 2
1 Control 5.2 5.0 5.2 10 17 8
2 100 5.4 5.3 5.3/5.5/5.4 9 30 16/18/12
3 200 5.4 5.1/5.2/5.3 5.4 2 30/34/34 26
4 400 5.3 5.4 5.3 8 40 32
5 800 5.3 5.2 5.1 8 34 8
6 1,600 5.1 5.1 5.0 12 30 8
7 3,200 5.0 4.9 5.0 4 30 30

RUN #3
1 Control 5.2 5.2 5.1 2 32 6
2 100 5.6/5.7/5.7 5.6 5.6 4/6/6 28 28
3 200 5.5 5.6 5.3 6 22 28
4 400 5.4 5.4 5.1 8 26 20
5 800 5.1 5.3 5.0/4.9/4.9 6 20 18/14/22
6 1,600 5.0 5.2/5.3/5.2 5.3 4 34/34/22 6
7 3,200 5.1 5.0 5.0 2 28 24
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Table A13. Turbidity and Suspended Solids Data for Samples Collected at the Island 58
Dredge Site (Analyses Conducted by Environmental Protection Laboratory, St.
Cloud, Minnesota).

Sample Number
and Transect
Distance (feet) Turbidity (NTU) Total Suspended Solids (mg/1)
from Dredge West Middle East West Middle East

RUN #1
1 Control 8o1 8.0 8.0 26 16 32
2 100 8.3 8.2/8.4/8.5 8.0 28 11/10/12 22
3 250 8.0 8.6 8.5 18 16 12
4 500 8.3 8.6 8.4/8.3/8,3 22 24 7/9/9
5 1,000 8.3 8.5 8.6 20 14 16
6 1,600 8.4 8.6 8.6 20 18 20

RUN #2
1 Control 8.2 8.1 8.0 20 30 30
2 100 8.3 8.7 8.0 20 32 28
3 250 8.0 8.3 8.0 22 30 26
4 500 8.4/8.0/8.3 8.4 8.3 17/14/17 30 24
5 1,000 8.5 8.6 8.0 14 26 32
6 1,600 8.5 8.7/8.6/8.4 8.3 32 24/22/26 26

RUN #3
I Control 8.2 8.0 8.3 18 8 12
2 100 8.5 7.9 8.5/8.6/8.6 20 12 12/12/12
3 250 8.6 8.2 7.9 18 12 16
4 500 8.3 8.0 7.5 10 14 16
5 1,000 8.4 8.3 8.4 12 28 18
6 1,600 8.5 8.4 8.4 12 16 16

BARGE SAMPLE 8.8 20
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Table A17. 1979 Particle Size Analyses of Sediments from Selected

Dredging Sites on the Upper Mississippi River (Conducted by MRU,
Omaha, Nebraska)

14 D)141N I Ji.A:"', iI',..A. Ill fE IF- -- -"

SAMPLE S TI. & ALY --j S 'TANl;Ai'p si: sui. _

HIMr. Mi.F __ _ T: : __ . . .-- L . . .C~RAVEI,

.005 .01.. '0 -: 0 - 0 1O - ". /4 1 1/2 3 In.

Above and hculo [ I J l I i
Cargitl 13.2-1 46 8O00

Abojve .ind I
Cargi li.2-

2  
2 91 IG0

Hastings Smali I
Boat Harbor 813 10 22 37 40 53 h7 97 99 100

Truedale Slough I
608-1 01 3 4 10 78 94 LU00,

Truedale Stough i
808-2 0 0 2 2 13 65 93 IOC

Redwing Ccrmetc a1 6, 810
Boat Harbor 791-1 29 65 93 46 98 98 M 10C

Redwing Sa l1 Boat 1
Harbor /91-2 20 601 98 99 99 99 100

Alma Small Boat
Harbor 7. 7 ' 56 i 63 90 100

Lower Approach LID
752 0 1 1 2 15 73 96100

leend I
749-1 0 3 72 941 99 I00!

Sle end
749-2 0 0 1 2 53 91 99 100 30

746-2 0 0 1 2 13 1 55 ;9 130

CeOW West .Newton

746-2 0 I 11 8 7 91 100

Loer Zumbro -2 i

Lover Zumbro I
744.2-2 0 2 2 11 i00

Mt. Vernon Li123g3ht~%jo
741. ;-1 i 2 2 3 33 78 96 100

Mt. Vernqn Ilehr
741.!-2 0 1 1 5 10 69 89 97 100

Fountain City 1 0

733.5-1 0 J 1 1 2 32 90 99 100

Fou3tan Ci 35-2 1 1 2 32 80 94 97 100

Winona Small Boat
varbor 726-i 5 13 19 35 91 100 1

Winona Commerclai I
Boat norbor ;26-2 6 L4 26 36 63 83 92 96 100i

Nead of Rienmond
Island 712.7-1 0 0 1 3152 9 1100

11ad of Rictond i I
Island 712.7-2 0 0 1 2 L6 61 190 99 100

Above 6 Below LaCro"s.a
ox Bridge 6Q9.9-1 f 0 1 1 12 67 04 98 100

Mbove & BIow L.iCrose I
23 Bridge 699.9-2 1 0 0 1 2 116 78 98 1o0

Jackson It1nd I
..644.1-1 2 ' 3f 9 I00

Jackpon 1.1iII i
644.3-2 0 1 a gg 'no: A 18



Table AI. 1979 Settleability (Turbidity) of a 4 to 1 Mixture of the Upper

Mississippi River Water 'and Sediments from Selected Dredging Sites

on the Upper Mississippi River (conduCted by IRD, Omaha, debraska)

Tlirbirlitv (FTI)

Sample Sites/

River Mile 0 1 2 4 24 48 72 96

Ab. & Bel. Cargill
13.2-1 1200 110 70 62 29 15 9

13.2-2 1700 115 46 42 23 15

Hastings S.B. Harbor
813 2600 290 250 150 53 45 15

Truedale Slough 808-1 210 93 110 47 26 17
808-2 41 27 19 18 15 9 I0

Redwing C.B. Harbor
791-1 S AM P L E T00 S A L

Redwing S.B. Harbor
791-2 3500 1200 1700 1600 27 22 9 9

Alma S.B. Harbor
754 3000 650 500 630 250 200 87

Lower App. L/D4
752 41 27 18 17 17 9 10

Mule Bend 749-1 42 17 15 13 9 7.4

749-2 82 48 33 27 22 12 12

Bel. West Newton
746-1 34 19 15 12 11 6.5 6.7
746-2 40 20 17 11 11 9 5

Lower Zumbro
744.2-1 60 38 34 25 19 15 10

744.2-2 62 39 31 22 19 16 11

Mt. Vernon Light
741.5-1 660 122 98 33 24 16
741.5-2 2000 360 230 170 62 41 26

Fountain City
733.5-1 26 18 15 12 10 8 7.9
733.5-2 30 18 14 12 14 9 8.9

Winona S.B. Harbor
726-1 10400 1000 620 390 80 51 32

Winona C.B. Harbor

726-2 18400 480 290 205 44 35 24

Head of Richmond Is.
712.7-1 88 33 31 21 16 14 9
712.7-2 28 15 12 10 11 8.6 7.9

Ab. & Bel. LaCrosse RR
Bridge 699.9-1 48 19 17 13 9 9.5 8.9

699.9-2 34 18 13 12 11 9.5 8.1

Jackson Island
644.3-1 2050 00 140 s0 24 19 12
644.3-2 100 49 41 28 20 14 9
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Table A19. 1979 Settleability (Suspended Solids) of a 4 to 1 Mixture of the Upper
Mississippi River Wlater and Sediments from Selected Dredging Sites on

the Upper Mississippi River (Conducted by MRD, Omaha, Nebraska).

Suspended Solids(mg/l)
Sample Sites/ Hours After Agitation
River Mile 0 1 2 4 24 48 72 96

Ab. B Del. Cargill
13.2-1 79880 224 140 192 60 40 0
13.2-2 11396 196 112 180 64 0 0

Hastings S.B. Harbor
813 81436 660 392 708 116 32 76

Truedale Slough
808-1 780 344 824 204 56 0
808-2 372 188 164 152 208 264 164

Redwing C.B. Harbor
791-1 S A M P L E IT 0 0 S M A L

Redwing S.B. Harbor
791-2 270788 189180 143272 82076 256 164 208 212

Alma S.B. Harbor
754 41924 1872 1304 1044 300 196 220 220

Lover App. LID4
752 396 184 160 200 200 240 400

Mule Bend 749-1 426 200 164 156 120 200 212
749-2 700 212 208 264 248 216 1'2

Eel. West NewtonI

746-1 752 180 124 148 132
746-2 428 216 160 252 !04 320 376

Lower Zumbro
744.2-1 1024 204 176 232 72 128 116
744.2-2 964 204 144 260 92 108 120

Mt. Vernon Light
741.5-1 3804 720 836 772 140 80 176
741.5-2 13388 1060 908 968 380 144 172

Fountain City

733.5-1 292 252 244 112 204 180 204
733.5-2 344 196 196 184 212 184 216

Winona S.B. Harbor
726-1 40516 1948 1380 952 636 172 184

Winona C.8. Harbor
726-2 73856 1036 968 916 168 140 200

nead of Richmond Is.
712.7-1 852 216 228 232 140 116 196

712.7-2 296 224 260 168 164 224 252

Ab. & Bel. LaCrosse R
Bridge 699.9-1 308 176 176 160 208 292

699.9-2 320 268 172 176 204 152 260

Jackson Island
644.3-1 4784 780 840 636 144 128 204

644.3-2 1036 232 A 20 240 260 156 108 160




